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PREFACE TO THE SECOND 
EDITION. 

This brochure in its second edition has 
undergone considerable enlargement by 
the incorporation of new material, the 
result of further work and experience 
on the part of other observers as well 
as myself in the field of clinical sphygmo- 
manometry. I trust that this additional 
matter will render this little manual 
more efficient in fulfilling the aims of 
the original edition — ^namely, to encourage 
the practice of blood-pressure measure- 
ment, and to furnish some hints and 
guidance to those who may embark 
on it. 

Having not infrequently obtained some 
unaccountably irregular results, many 
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VI PREFACE. 

of which were clinically inconsistent, 
from the application of the armlet to 
the arm and forearm on one or both 
sides of the same subject, I began to 
doubt whether this method is in certain 
cases as satisfactory in practice as the 
observations with it on normal subjects 
had led us to expect. I therefore tried 
to obtain some light on this matter ; and 
to this end I applied the armlet in a 
large number of my cases to the arm 
and forearm of each patient, and em- 
ployed other modes of reading the 
arterial pressure as well as the armlet 
method — noting in each case the 
agreements, disagreements, and their 
relation to the collateral clinical evidence 
(cardiac). The reader will find in the 
following pages the results of these 
numerous clinical observations, which 
seem to me to indicate that diflFerent 
degrees of thickening of the arterial wall 
suffice to account for the irregularities 
in the armlet readings which I had 
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observed.^ The want of uniformity in 
reading tiie systolic pressure by the 
armlet method in subjects of arterio- 
sclerosis has also been recorded by other 
observers.* 

As a practical outcome of this work, 
I am led to suggest the use of a supple- 
mentary method, founded on a different 
principle from that of the armlet, and, 
according to my observation, unaffected 
by arterio-sclerosis. And I must say, 
that since adopting the conjoint use of 
both methods, my clinical observations 
on the circulation have been more in 
accord with each other; and have been 
more instructive in affording a clearer 
conception of the state of the arterial 
wall and of the blood-pressure. 



* That thickenintr of the arterial wall may vitiate the 
reading of the blood-pressure obtained by counter pressure 
outside the vessel, was forcibly suggested by the demon- 
stration of Dr. William Russell at the first meeting of the 
Association of Physicians of Great Britain and Ireland, 
held in London, last May* 

* See O. K. Williamson, M.D., etc., in Tfu Lanctt, 
ToL it, 1907* P* 15x6. 
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It may seem to be an elementary pre- 
caution to suggest — ^though it is, I think, 
quite a necessary one — that in stud3ang 
the blood-pressure clinically, the ob- 
server should, above all things, take a 
comprehensive view of the whole circu- 
lation; and in particular he should 
compare the condition of the heart 
with his record of pressure. More- 
over, when that record is furnished 
by a method the determinations of 
which are not disturbed by arterio- 
sclerosis, the observer should try to 
educate his tactile sense of pulse- 
resistance (I fear a vanishing art) by 
aid of the pressure measurements. My 
long experience in pulse-feeling and 
pulse-pressure measuring has shown me 
the clinical advantages to be derived 
from combining both methods ; and the 
observer who adopts the instrumental 
method of measuring the arterial pres- 
sure, will do well to be on his guard 
lest he should allow his tactile skill 
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in examining the pulse to become im- 
paired by n^lect 

As the measurement of blood-pressure 
is becoming a somewhat leading method 
of clinical observation, it is to be 
hoped that its rapid recognition may 
not engender an overestimation of its 
importance. It is true, blood-pressure 
plays its part — ^and that an important 
one — in the pathological drama ; but it 
is not the only actor. Therefore the 
observer, however zealous he may be 
in prosecuting the study and observation 
of blood-pressure, should endeavour to 
strictly estimate the rOle it plays and 
accept its teaching with well-balanced 
appreciation of its limits. 

It will doubtless interest my readers 
to know that Case E, in the series of 
senile pressure readings recorded on 
pp. 119-20, is that of Sir Henry Pitman, 
Emeritus Registrar of the Royal College 
of Physicians of London, the doyen of 
our profession. To Sir Henry I owe 



X PREFACE. 

my grateful thanks for the permission 
accorded me to measure his arterial 
pressure, and for the kindly interest 
he showed in the observations. 

Harrogate. 
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CHAPTER I. 

BLOOD-PRESSURE MEASUREMENT: APPA- 
RATUS AND METHODS. 

During the past few years physiologists 
as well as clinicians have displayed much 
activity in devising methods of sphygmo- 
metric observation in man, which, in 
trustworthiness, may be regarded as 
approximating to the manometric pro- 
cedure of the laboratory. And it may, 
indeed, be said that they have in a large 
measure succeeded not only in attaining 
this most important end, but in making 
the suggested methods easy of applica- 
tion and as free as possible from errors 
of technique. 

It is needless to enlarge on the im- 
portance of the accurate observation of 
the blood-pressure in man, especially in 
our inquiries into living pathology, or 
(as preliminary or supplementary to the 
haemomanometric record in animals) in 

I 



2 APPARATUS AND METHODS. 

building up our knowledge of thera- 
peutics, or in applying that knowledge; 
for that will be obvious to all. But 
before dealing with the practical aspects 
of haemomanometry we should study the 
physiology of blood -pressure and try to 
solve some problems of a purely ele- 
mentary nature which await further 
inquiry, for our knowledge of blood- 
pressure in normal man is far from 
complete, notwithstanding the good work 
which has been done towards its elucida- 
tion by such able investigators as Marey, 
Roy and Adami, Mosso, Leonard Hill, 
von Basch, Gtrtner, von Recklinghausen, 
Erlanger, Potain, Riva-Rocci, Guraprecht, 
Hensen, C, Martin, A, Martin, Stanton, 
Crile, O* E. Stephens, T. C, Janeway, 
Cook, Eriggs, Pal, Bernd, and others* 

Various attempts have been made to 
measure the blood-pressure in man since 
the year 1S34, when H^risson ^ intro- 



* "Le ttpbygmom^tre, instrument qui traduit a Tcuil 
totile roctJon des Rrt^ies. Utility de cet inatrument dans 
I 'etude de toutes lea maladiea ; recherchca sur lea ali'ec- 
tmiis du ccEur et Je mujen de lea dittingi:i«r entre el lei/' 
— '^. Pftriii 1&34, Also Thi Lance f, Sept. ao and ^7, 1&34, 
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duced a clinical mercurial sphygmometer 
which rendered the pulsation of the 
arteries apparent to the eye. The dif- 
ferent forms of apparatus and methods 
may be divided into two classes : namely, 
(i) those which measure the pressure 
through the intervention of fluid contained 
in a bag encircling a limb, and (2) those 
which derive the reading of the pressure 
from the application of pads (whether 
solid or liquid) to individual arteries. 
This chapter will be chiefly devoted to 
a study of the armlet method.^ 

Tbe priuelple of measurinir Blood- 
preissiure by encirelini: a limb by a 
ligid cover enclosioir fluid in a 
miiber bair« the compression ot 
wliicb is varied by mecbanism, was 
introduced by Roy and Adami in 1890.' 
Their work, constituting the first serious 
step in the study of sphygmomanometry 
in man, was founded on the following 
mechanical combination : namely, (i) a 



' Some illustrations of the other method (observation oa 
separate arteries) are discussed in the next chapter. 
* Th4 PracHtian§r, 1890, vol. xlv., p. 30. 
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rigid cover (a wooden box), enclosing 
(2) a flexible rubber bag filled with (3) 
fluid (water) and connected by a T way- 
piece with (4) a rubber ball (by the aid 
of which and a stopcock the observer 
can vary at will the pressure of the 
fluid in the flexible rubber bag), and 

(5) a mercurial manometer (by which the 
pressure of that fluid is measured), and 

(6) a graphic recording arrangement 
The rigid cover, with its enclosed rubber 
bag and fluid and its graphic recorder, 
is fixed around the wrist by means of 
straps or other mechanical device. 

Though this ingenious apparatus was 
not sufficiently convenient for general 
clinical use, it embodied the mechanical 
combination which has recently obtained 
general acceptance in the form of an 
armlet and a recorder. This more prac- 
tical method was almost simultaneously 
conceived by Riva-Rocci^ and Leonard 
Hill,* who substituted air for water as 
the medium for varying compression, and 

* GoM. Mtd, di Torino, 1896. 
■ Brit. Mtd,Joum,, 1897, 
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employed a resisting material (canvas or 
leather with straps and buckles) as the 
cover of the rubber bag, instead of a 
rigid box. For recorder Riva-Rocci still 
employs the mercurial manometer, while 
Leonard Hill formerly used an aneroid, 
but now prefers a short, compressed 
air sphygmometer, consisting of a glass 
tube (with a water indicator) empirically 
graduated in millimetres of mercury.^ 
Potain's or von Basch's small aneroids 
may also be used to record the pressure 
of the air in the armlet. 

The §tan4ardi«ation of the Arm- 
let. — But a further and most important 
step in the evolution of this method 
of haemomanometric observation was 
necessary, and that was made by von 
Recklinghausen,' who demonstrated that 
the width of the armlet in relation to 
the circumference of the arm is all- 
important for the attainment of com- 
parable results, and that the armlet should 



* Brii, M9d,Joum,, 1907, vol. i., p. 1353. 
" Archip fur txpgrimtnUlU Pathohgit und Pharma- 
Mogit, t908, B. zhri., t. 78. 
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not be less than 12 cm. in width for the 
various-sized arms commonly met with — 
this width affording the lowest and most 
constant results in all cases. 

Tivo Modes of Reading the Ar- 
terial Pressure have been followed by 
the various inventors of arterial pressure 
instruments ever since the time of Hdris- 
spn (1834): namely, (i) the development 
of the maximum oscillation of the indi- 
cator, and (2) the entire obliteration of 
pulsation iii the artery beyond the area 
of compression. Each inventor relied on 
either the one or the other of these indi- 
cations until about ten years ago, when 
observers began to appreciate the physio- 
logical relation between these criteria and 
to recognise the importance of employing 
both in clinical haemomanometry. 

The Systolic and Diastolic Arterial 
Pressures. 

C^losiire of tbe Artery corresponds 
^^tU the Maximmii Arterial Pressure. 

'It is generally admitted that the closure 
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of the artery by the standardised armlet 
indicates the maximum arterial blood- 
pressure — that moment of greatest arterial 
pressure produced by the ventricular sys- 
tole. I think there can be no doubt as 
to this fact ; and P. Lockhart Mummery 
and W. Legge Symes have demonstrated 
that the armlet (with mercurial mano- 
meter as recorder) applied to the left 
thigh of a dog and a mercurial mano- 
meter connected with the right femoral 
artery afford readings which are practi- 
cally identical.^ Riva-Rocci adopted this 
as his sole mode of reading the arterial 
pressure by means of armlets.' 

Iflaxtmmii Oscillation corresponds 
with the Minimum Arterial Pressnre. 
— Now, as this is so, it follows that the 
maximum oscillation of the indicator, 
though synchronous with the systole, 
does not indicate the maximum blood- 
pressure, for, as a rule, when it is de- 
veloped the artery is far from closed, and, 
moreover, it appears at a much lower 

* See Journal 0/ Physioh^, vol. xzxii., May, 1905. 
■ Op. ait. 
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point on the scale than does the occluding 
pressure. Experimenters are by no 
means agreed as to the precise inter- 
pretation of the maximum oscillation in 
relation to the diastolic arterial pressure 
— whether it denotes the mean or the 
minimum diastolic pressure. According 
to Roy and Adami the pulse waves 
recorded by their sphygmometer attain 
"their maximum size when the extra- 
vascular pressure reaches a height which 
just exceeds the minimum intravascular 
pressure," ^ e.g. lOO mm. Hg. for a healthy 
male subject at. circa 40 ; and we must 
remember that the accuracy of the method 
they followed was enhanced by their 
having excluded the inertia of the column 
of mercury, which they believed to be a 
serious source of error. On the other 
hand, Leonard Hill believes that the 
maximum oscillation of the mercurial 
column occurs in the animal at or about 
the mean arterial pressure, and in this he 
is supported by C. Martin, who, however, 

* Th4 Practitioner, vol. zlv., p. 3a. 



MAXIMUM PRESSURE. g 

does not regard this relation as constant 
in man.^ Howell and Brush, however, 
have demonstrated in their experiments 
on dogs that it takes place when the 
arterial pressure is lowest, and they 
consider that the mean arterial pressure 
corresponds fairly well with the mathe- 
matical mean between the maximum and 
minimum pressures.' 

Tbe Maximimi or §ystolic, the 
minimnm or Diastolic, and the Mean 
Arterial Pressare. — Disregarding the 
question as to whether the maximum 
oscillation precisely signifies the mean or 
the minimum diastolic pressure, we may, 
I think, safely view these two methods of 
reading the arterial pressure as differ^ 
entiating it into systolic and diastolic — 
the arterial pressures synchronous with 
the systole and diastole of the ventricle ; 
and if we take the diastolic to represent 
the minimum pressure and the systolic 
the maximum, the mean arterial pressure 

* Bn'i, M9d.Joum., 1905, vol. i., p. 870. 

* Boston Medical and SurgiceU JoHmalt igox, vol. cziv., 
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should be, for all practical purposes, the 
mathematical mean between them, e.g. 

^ — ?- = M lis. Thus the two readings 
S loo ^ 

— maximum and minimum — ^furnish the 

complete pressure-cycle of the pulse. 

A Compressed-air and Spirit 
Manometer. 

Though the mercurial manometer is a 
useful recorder of pressure, it is not free 
from faults. It possesses the errors of 
momentum and inertia, does not always 
afford a satisfactory reading of the 
diastolic pressure, is cumbrous and 
inconvenient, and does not lend itself 
sufficiently to the exigencies of practice. 
Aneroids are convenient and ideal from 
the practical standpoint; but they are 
unfortunately apt to read higher during 
the course of work — the delicate mechan- 
ism yielding to the strain of frequent and 
rapid alterations of pressure, and especi- 
ally of high pressure, to which it is 
necessarily subjected. Therefore, no 
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aneroid can be trusted unless it is 
standardised frequently by the mercurial 
manometer. I have therefore been led to 
devise a manometer which is a sensitive 
and practical indicator of the arterial 
pressure, and one, moreover, which does 
not sacrifice accuracy for mere con- 
venience* 

The recorder (Fig. 3, a) is constructed 
on the well-established principle of the 
"compressed-air manometer" for many 
years employed in measuring the hydro- 
static pressure of gases ; the pressure of 
the gas being equilibrated by the com- 
pression of the air contained in a closed 
tube beyond the indicator, which is thus 
manometrically balanced between the two 
compressions. The adoption of this 
principle in sphygmometry is not new ; 
for it was followed by W. R. Pond in 
1875 (his sphygmoscope consisting of a 
glass tube empirically graduated with a 
closed bulb above and a bulb below 
covered by a membrane for the reception 
of a fluid index), and by Barnard, Hilt, 
and Hicks in 1898, 
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I find that an efficient sphygmomano- 
meter merely requires the elementary 
mechanical components of the simplest 
form of the "compressed-air manometer/' 
namely a glass tube and a liquid indi- 
cator ; no additional device, such as taps 
or other supplementary fittings, being 
necessary. 

The glass tube, 8 or more inches in 
length and having a capillary bore, has 
a bulb at its up[>er end and a smaller 
bulb at its lower -end (Figs, i and 2) 
where it is bent up to receive a rubber 
tube. Just above the lower bulb the 
bore is contracted (Figs, i and 2). The 
tube is mounted on a narrow strip of thin 
wood, through the lower end of which a 
pin, fixed to the sides of the box, passes, 
so that the tube may be raised from 
the horizontal position in the box to 
a vertical one before and after an 
observation. 

The indicator consists of a few drops 

of absolute alcohol coloured by Merck's 

yett-farben Blau — 2l colouring-matter which 

^oes not stain the glass. Should the 
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Fig. I. 
Lower end of the glass tube of the indicator 
raised to the perpendicular position : showing a, 
the contraction of the bore ; b, the position of the 
meniscus fluid ; and c, the continuity of the air 
inside the bore with that outside. 

indicator be allowed to dry up (as after 
prolonged disuse of the instrument), it 
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is quickly dissolved again by adding a 
few drops of spirit 
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Tbe compressor (Fig. 3 b) consists 
of (i) a strong canvas bag adherent to 
(2) two small boards (12 x 18 cm.), 
through which (3) a strong rapid screw 
passes. When in use, tap (a) is opened 
for the admission of air; the wheel (e) 
is unscrewed to the limit of the screw, 
which limit is indicated by a clicking 
sound ; tap (a) is then closed, and the 
wheel is turned, when air is compressed 
into the arm-bag and manometer, pre- 
viously connected by the rubber tubes 
(c and a)} 

The compressor may be used sepa- 
rately, as in Fig. 3 ; or it may be set up 
in a box of convenient size (namely, 
9 X 2^ X 5 inches), with the rest of the 
apparatus consisting of the recorder fixed 
on the air-compressor, the standard armlet, 
and the phalangeal bag. 



* The air capacity of the compreasor is so adjusted to 
that of the armlet as to secure compression to 300 mm. 
when the armlet is closely adjusted. Should the easy 
turning of the wheel of the compressor fail, it will be 
restored by letting a drop of oil fidl en the screw when the 
wheel is unturned to its fullest extent. Those who prefer 
the ball-filler can, of course, use it with my recorder and 
armlet. 
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The armlet (Fig. 3 c) is more portable 
and adaptable to the shape of the limb 
than those now in use ; and it is equaUy 
available for the forearm as for the amu 
It consists of a canvas bag of the fiill 
standard width (12x16 cm.), to which are 
attached three straps (covering the width 
of the bag) with friction buckles. The 
outer rigid cover, consisting of the straps^ 
is therefore in three sections, which 
enable the observer to adjust the bag per^ 
fectly to the fusiform shape of the forearm. 

The practical advantan^es of this 
manometric arrangement are : 

(i) Reading the index in the horizontal 
position, which contributes to ease and 
accuracy in work. 

(2) The avoidance of leakage and its 
consequence — a falling index — from a 
defective air-valve, which cannot be recti- 
fied without loss of time and trouble. 
This not infrequent defect of the ball or 
pump filling, which is always a source of 
annoyance and inaccuracy in observation, 
is entirely obviated by this valveless 
arrangement. 
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(3) The much more saiisfactoty control 
of the index by the screw than by the 
pump. Another defect of ball filling is 
the uncertainty of regulating the com- 
pression, and thus of definitely control- 
ling the position of the index — a certain 
amount of training of the co-ordination of 
the muscles being necessary before the 
observer acquires the needful dexterity. 
On the other hand, adaptation of the 
compression by means of the screw is 
definite and easy, even to the tyro, who 
on this score has indeed nothing to learn 
by practice, for he can thus graduate the 
position of the index exactly as he 
pleases, without unintentionally over- 
stepping or falling short of the point at 
which he wishes to adjust it. 

(4) The gradual rise of compression in 
place of the intermittent jarring increment 
of it with every stroke of the pump. 
Needless oscillation and disintegration of 
the index are thus avoided. 

(5) Increased precision in reading the 
arterial pressures (diastolic and systolic). 
The compressor method of filling the 

2 
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armlet furnishes two grades of motion in 
the indicator, one or other of which can 
be used by the observer. When the air 
in the compressor, as well as that in the 
armlet and tubing, is in circuit — as in the 
ordinary use of the apparatus — the motion 
of the indicator is reduced to a minimum ; 
the reading of the arterial pressures (and 
especially that of the systolic pressure) 
then becomes much more exact than when 
the indicator is oscillating freely. When, 
however, the volume of the air in circuit 
is reduced by closing the tap (Fig. 3 A), 
which shuts off the air in the compressor, 
an amplified motion of the index is ob- 
tained, which the observer can thus secure 
whenever he desires to do so; or, by 
nearly closing the tap, a medium increase 
of the oscillation may be obtained, while 
the air in the compressor is retained in 
circuit and the index responds to the 
turning of the screw. ^ 



* When using the mercurial manometer I prefer the 
compressor and armlet to the ball-filler and the ordinary 
armlet. The latter cannot, however, be used with the 
compressor, because its ratio of air-capacity is too great. 
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Tbe objections are : (i) the lodgment 
of spirit on the bore after an observation, 
which lodgment slightly diminishes the 
volume of air within the recorder sub- 
jected to compression ; and (2) disparity 
of temperature of the air inside and out- 
side the bore. 

The first objection is met by raising 
the recorder to the vertical position for 
two or three minutes, when all traces of 
spirit will drain away from the bore 
before another observation is made. 

The second objection is met by estab- 
lishing the continuity of the air inside 
and outside the bore before each observa- 
tion, as presently to be described. 

The observer should bear in mind that 
compressed-air manometers are easily 
affected by variations of the external 
temperature ; he will therefore be on his 
guard, while making an observation, to 
avoid the play of a draught of cool air on 
the instrument {e,g. from a door or win- 
dow), or the heating of it by the direct 
rays of the sun, or by a fire, or by the 
contact of the hand. 
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WheM an olMervalieii !• to Ibe aiade 

the observer 

(i) adjusts the armlet comfortably and 
closely; 

(2) raises the recorder to the vertical 
position, and withdraws the plug in the 
rubber tube attached to the nozzle. 

(3) He then quite easily disperses into 
the lower bulb any portion of the index, 
which commonly lodges in some part of 
the bore — and especially in the lower 
portion of it — after disuse of the instru- 
ment, by adopting the following simple 
procedure: he takes the rubber tube 
near its attachment to the nozzle of 
the recorder between his k/t thumb and 
finger, and nips it so as to obliterate the 
bore; at the same time, with his r^hi 
thumb and finger he takes hold of the 
tube close to his left hand, nips it firmly, 
and draws his right finger and thumb 
(still nipping) along the tube to its open 
^^d; and in doing so, exhausts the air 
from the tube. On then withdrawing his 
J^ft thumb and finger (which all the time 
'^ave been nipping the tube), while he sMl 
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keeps a firm grip of the end of the tube 
with his right hand, the spirit is quickly 
dislodged, and drains into the lower bulb. 
Should, however, any portion of the index 
still remain in the bore, it is readily with- 
drawn by a repetition of the process. 
The procedure can be further simplified 
by merely grasping the tube between the 
finger and thumb, and drawing the former 
firmly along the tube resting on the thumb, 
so as to exhaust the air. 

(4) He restores the recorder to the 
horizontal position, when the indicator 
automatically stops at the zero point 
(Fig. 2). Should, however, the index go 
slightly above the zero line, a few drops 
of the index fluid or spirit will restore 
the automatic stopping at zero.^ 

(5) He expands the compressor by 
unturning the wheel, closing tap a 
(Fig. 3), and makes the connections with 
the armlet and the indicator. 



* When there i» qaite an excess of index fluid the 
meniacns stops sUghUy short of the xero line. But this 
defect osn be easily rectified by abstracting a litUe of the 
fluid by a strip of btotting paper. 
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(6) Finally he compresses the air in 
circuit ; and after the completion of the 
observation he may use the air over 
again by untuming the wheel of the 
compressor, or he may release the com- 
pression by undoing tap a. 

The Reading of the Blood-pressures 
(Arterial and Venous). 

As nervous perturbation vitiates trust- 
worthy observation of the arterial pressure, 
the practitioner should wait until the 
patient has become free from apprehension 
and is quite accustomed to the medical 
examination of his case, before he attempts 
to measure the pressure; and this pre- 
caution is all the more necessary should 
the pulse be hurried. It is as well also 
not to surprise the patient by raising the 
air-pressure in the armlet before telling 
him what he is about to do. 

The arterial pressure may be taken 
either in the sitting or recumbent position. 
^'^ the sitting posture, which is more 
convenient and expeditious for clinical 
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work generally, the arm should rest com- 
fortably, with all its muscles relaxed, on a 
table of convenient height, so as to bring 
the armlet on a level with the heart. In 
the recumbent position the arm should be 
extended on a table by the side of the 
bed, and on the level of the body. 

The arm should be bared, though a 
shirt or other thin covering does not alter 
the reading of the pressure. The patient 
should rest for some little time after any 
physical exertion. The first pressure 
reading should not be accepted unless it 
is corroborated by the second or third 
reading. The last is the most trust- 
worthy, as a rule ; and it is best to take 
this quite casually, after the patient's 
attention has been directed to some 
matter of general rather than personal 
interest. 

I. — The Brachial Arterial Pressure. 

(a) Tbe IHastoUc Pressure is de- 
noted by the point at which the maximum 
oscillations of the index are produced, 
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beyond which they are lessened by further 
air-compression. It has been observed 
that, after reducing the oscillations by 
increasing the compression, there may in 
exceptional cases appear a second develop- 
ment of maximum oscillation just 'below 
the reading of the systolic pressure. The 
observer should not in such cases accept 
this higher increment of pulsatile move- 
ment as indicating the diastolic pressure, 
but should in all cases carefully look out 
for the first diminution of the oscillations 
(disregarding any second development), 
and take the lowest maximum pulsation 
of the index as denoting the diastolic 
pressure. 

The finger generally assists the eye in 
determining the diastolic reading ; for, on 
placing it over the radial while the air- 
compression rises in the bag, the char- 
acter of the pulse changes, approximating 
to that of aortic regurgitation, and when 
the diastolic pressure is exactly balanced 
by the compression, the pulsation felt in 
the artery and the oscillation of the index 
simultaneously become greatest, and on 
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further increasing the compression, even 
to a slight degree, the pulse-volume and 
the index oscillation rapidly diminish 
together. This tactile eflfect induced by 
balancing the minimum arterial pressure 
by compression is, I think, more pro- 
nounced in cases o( plus diastolic pressure 
than in those of normal or minus pressure. 
Observers vary greatly in their ability to 
recognise the point of maximum oscilla- 
tion; and those who cannot quite trust 
the eye alone for this purpose will find it 
useful to call in the assistance of the 
finger. 

A further aid to the reading is the 
maximum subjective throb developed by 
balancing the diastolic pressure by the 
compression. 

(b) Tbe Systolic Pressure is read 
(Fig. 3) by the finger,^ which is placed 



* In tbe first edition of thii brochure I deacribed a vmmo/ 
method of reading the systolic pressure, aa well aa the 
iaetiU one, which is usually adopted. The visual method 
oonaiated in (z) atrapping the digital bag around the wriat 
in connection with the armlet in •iiu; (^ nipping the 
rubber tube connecting the two bags after successive 
additions of air, until the index, deriving its pulsation 
from the radial artery, becomes quite motionless. I ahvaya 
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on the radial artery (the armlet C en- 
circling the arm or the upper part of 
the forearm), and noting the d^^ree of 
compression required to extinguish totally 
the pulsation. The reading may be made 
either by gradually pressing the index up 
until the point of extinction is reached, 
or by employing at once an excess of 
pressure, which is gradually reduced by 
slowly liberating the air-valve until the 
beat reappears. The latter method gives 
a slightly lower reading; and most ob- 
servers agree that it should be accepted 
as the standard method. 

II. — The Forearm Arterial Pressure. 

Tbe Arm is anatomicaUy adapted 
to Haemomanometric Observation. — 

The arm, from its cylindrical form, even 
compressibility, and its single bone and 
artery, is anatomically well adapted to 
haemomanometric observation ; but these 

found that the readings thus obtained were higher (5 to 
>o mm.) than those afiforded by the finger placed over the 
Artery ; and the greater sensitiveness of this method, thus 
■^own, has been verified by others.— See BtrL elinich, 
^oektnanhri/t, June 1907. 
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Structural advantages are unfortunately 
counterbalanced by practical drawbacks, 
arising from the complete obstruction 
of a large section of the circulation and 
the general vaso-motor eflFect of the con- 
striction throughout the arterial system 
{see p. 36). 

Hasmomanomelric ObservatioM om 
the Forearm* — Hence the practical 
importance of reducing these physio- 
l<^cal disadvantages of this mode of 
observing the arterial pressure without 
impairing its accuracy. I have therefore 
frequently made observations on the fore- 
arm, which are much less objected to by 
patients than those on the arm, and the 
readings so far have not differed in the two 
areasexcept in arterio-sclerosis {see p. 1 1 2). 

III. — The Phalangeal, or Distal Arterial 
Pressure. 

Apply the small bag (2*5 x 9 cm.) 
around the third phalanx of the middle 
or ring finger or the second phalanx of 
the thumb, and buckle. 
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The diastolic dIsUil pressure is 

read, as usual, from the maximum ex- 
cursion. In reading it, the observer re- 
quires to be specially careful to recognise 
the lowest maximum, which is followed 
by diminished oscillation; for he may 
easily overlook the latter, and be misled 
by the development of a higher maximum 
excursion which does not denote the 
diastolic pressure. 

The systolic distal pressure may 
be taken from the first and second 
phalanges in the following manner^: 
(i) After adjusting the bag, the finger 
is rendered bloodless by squeezing a 
stout rubber ring (the compressor) over 
it as far as the lower edge of the bag. 
(2) The pressure is raised to 150 milli- 
metres of mercury. (3) The compressor 
is removed, when the finger should 
remain bloodless. (4) The pressure is 



* The method here described is that of Gflrtner, the 
only modification being the substitution of the phalangeal 
bag for Gftrtner's pneumatic rubber ring, because it 
Aimishes more uniform results and is adaptable to fingers 
of aU sizes. 
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very gradually released until the finger- 
tip (or nail-bed) suddenly flushes, when 
the height of the indicator is read. At 
the same time a slight throb is felt, 
which increases to a maximal degree 
when the pressure falls to the diastolic 
point, and then decreases. Several con- 
secutive observations on the same finger 
furnish higher readings from the develop- 
ment of a vaso-paresis, caused by re- 
peated compression. 

But I think it is highly probable that 
the phalangeal systolic pressure may 
frequently be read in a simpler and more 
expeditious way. I have observed when 
the digital circulation is sufiiciently active 
(the finger being quite warm) that the 
development of the lowest maximum 
oscillation, indicative of the diastolic pres- 
sure, is followed by diminished oscillations, 
which are succeeded by a further de- 
velopment of maximum excursions, the 
position of which on the scale corresponds 
with the reading of the systolic pressure 
d la G&rtner. My impression is that 
this second development of maximum 
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oscillation is caused by the end (or 
systolic) pressure of the un occluded and 
probably dilated portion of the digitali 
artery pulsating on the upper margin 
of the bag ; and this explanation of 
the appearance of the higher rnaximum 
oscillation is supported by the fact that 
it only takes place when the digital 
vessels are somewhat relaxed or dilated 
and are not contracted. 

The principal objection to digital 
observation of the arterial pressure is 
the great liability of the fingers to vaso- 
motor disturbances from variations of 
temperature and from repeated com- 
pression in a prolonged s/ance. Should 
the fingers be in the least cold no 
response is obtainable until they are 
warmed, e,g. by placing the hand on 
a hot-water bag, etc, when of course 
the readings of arterial pressure are 
somewhat raised by the vaso-dilation 
necessary to secure the required response. 
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IV, — The Venous and Capiiiary 
Pressures^ 

The Venans Prefis^ure may be 
fteterniinecl by nscertainiiig tbe 
Pres§nre required to permit Relilllng 
of a Collapsed Tein.— Select a vein 
free from branches on the dorsum of 
the hand, the wrist, or the forearm. 
It should possess an efficient valve — a 
fact proved by placing a finger on its 
distal end and emptying the vein with 
another finger drawn along it, when the 
piece of vein as far as the valve will 
remain collapsed. Place the phalangeal 
pad across the distal end of the vein, 
and adjust the strap around the hand, 
wrist, or forearm without- compression, 
and buckle. Inflate the bag to the 
pressure of 40 mm. and empty the vein* 
Then vify gradually release the pressure, 
when at a certain point in the fall, which 
denotes the venous pressure, the vein 
suddenly refills.^ 



^ This mode ol reading the venoua pressure can also be 
made by tbe bsemodyaamometer (p^ 4il>* 



3^ APPARATUS AND METHODS, 

The Tenons Pressnre mny aHo he 
determined hj Oravitjr. — I have ob- 
served that the venous pressure may be 
accurately measured without the aid of 
a blood-pressure instrument; a foot-rule 
or measuring-tape being all that is 
necessary. If the veins on the dorsum 
of the hand are sufficiently visible, it is 
found that when the hand is held in 
the vertical position, with the fingers 
extended, and is very gradually raised, 
the veins, at a certain height above the 
level of the apex of the heart, are seen to 
collapse quite suddenly. The completion 
of the observation is definite — for the 
transition from a partial to a complete 
collapse takes place within the space of 
half an inch. It is observed that the 
veins nearest the fingers collapse some- 
what sooner than those nearest the wrist; 
but the difference is so slight that I prefer 
to take the collapse of all the veins of the 
dorsum as the indication for measurement. 

I conclude that at the moment of col- 
lapse of the veins the blood-pressure 
within them is practically nil — being 
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balanced, as it were, by the force of 
gravity; and that we may express this 
point of annulling the hydrostatic rise of 
the blood in mm. Hg. pressure. This 
may be done by making a very simple 
calculation. If we take the averse 
specific gravity of the blood as i'o6o, and 
that of mercury as 13*570, the 25-5 mm. 
contained in one inch will represent 
1*985 mm. Hg. (or approximately 2 mm. 
Hg.). Therefore, if we multiply by two 
the number of inches above the level of 
the apex of the heart at which the veins 
collapse, we ascertain in mm. Hg the 
venous pressure. 

This simple method of measuring the 
venous pressure has afforded me more 
uniform results than other methods ; and, 
as it enables one to discriminate between 
differences of i mm., it is definite and 
delicate. In applying it, it is important 
to see that the pressure is not artificially 
raised. This may occur through nervous 
perturbation, or obstruction of the venous 
flow by tight clothing, or even by the ob- 
server placing his hand round the forearm. 

3 
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The lowering eiFect of cold on the venous 
pressure should also be kept in mind. 

The Capillary Pressure (subungual). 
— I am disposed to think that this gravity 
method yields an approximate reading of 
the capillary pressure; for, as a rule, 
just when the vein collapses there is 
observed a slight blanching of the nail — 
especially its central portion — which is 
made somewhat more apparent when 
the nails of the opposite hand, with the 
fingers flexed downwards — so as to re- 
tain their blood in the elevated position — 
are compared with the uplifted nails side 
by side. The measurement from the 
apex of the heart to the nails gives, as 
a rule, a reading for the capillary pres- 
sure 8 or lo mm. Hg. higher than that 
of the venous pressure — e.g. capillary 
pressure, 25-30; venous pressure, 15-20 
mm. Hg. 



CHAPTER II. 

BLOOD-PRESSURE MEASUREMENT (am 
Unued)'. READY CLINICAL APPARATUS 
AND METHODS. 

I AM persuaded that if blood-pressure 
measurement is to be adopted quite 
generally as a clinical method, it must 
be made thoroughly practical ; in a word, 
it must be simple, compact, easy, and 
quick. But mere portability and sim- 
plicity in execution should not be 
allowed to override or to spoil the 
essentially important quality of funda- 
mental accuracy. 

Ready Methods of Measuring the 
Arterial Pressure. 

Objections to the Armlet method. 

— The armlet method, described in the 
last chapter, is by no means ideal in 
practice, and, like all other instrumental 
aids to observation, it has its defects-^ 
for no instrument is, or ever will be, free 

35 
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from some fault or other. For example, 
errors in reading the arterial pressure 
may arise from faulty adjustment of the 
armlet; and these may be considerable 
(e,g. 20 or more mm.) when the armlet 
is adapted loosely. But this is a defect 
in technique, not in the method itself; 
the observer, therefore, merely requires 
to be reminded of it as a precaution. 
But as a method it is open to three object 
tions: namely, (i) That it profoundly 
disturbs the circulation of the limb^ 
arresting the venous flow and creating 
the greatest possible peripheral resistance 
in a moderately large fraction of the 
body ; (2) that it produces a widespread 
effect on the vaso-motor nervous system ; 
and (3) that in arterio-sclerosis it may 
afford too high a systolic reading, because 
the arterial wall does not collapse evenly 
{see p. 113). The objections 1 and 2 
(local arrest of the circulation and the 
reflected effect of the discomfort produced 
by the compression) are said to raise 
the general arterial blood-pressure S or 
10 mm. Hg, according to the duration 
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of the compression and the sensitiveness 
of the subject My own impression is 
that these objections are of little or 
no practical importance; for by another 
method, to be presently mentioned, which 
is free from compression or discomfort, 
identical readings are obtained in all cases 
in which there is no suspicion of arterio' 
sclerosis. But the third objection has 
some weight (see pp. 111-123). From 
the patient's point of view this method is 
also sometimes objectionable; for sensi- 
tive nervous subjects now and then resent 
the circular compression of the arm — 
and more particularly the higher com- 
pression of over 200 mm. Hg. — and may 
sometimes be so disconcerted by it as 
to refuse to submit again to the ordeaL 
This objection to brachial haemomano- 
metry, though comparatively insignificant 
and practically non-existent in male 
patients generally, is a substantial one 
with some women, especially of the 
upper classes. The practical convenience 
of having an alternative method, which 
is in no way objectionable, is, then, very 




considerable. But besides this, the busy 
practitioner requires for routine blood- 
pressure observation J and for the purpose 
of picking out cases for more particular 
study, a method which is time-saving, 
unobtrusive^ easy to apply, and, more- 
over, free from discomfort to the patient 
and from the drawback of inducing local 
or general disturbance of the circulation, 
and also sufficiently accurate to indicate 
without doubt any important alteration 
in the arterial pressure and to ensure the 
avoidance of error* 

Readf ClInlcRl Methods. — Many 
such methods have been suggested from 
time to time during the past seventy-five 
years or so; and all have depended on 
deriving the reading of the arterial pres- 
sure from individual arteries. 

Methods founded on tlic AcUial 
Closing of nn Artory- — The most im- 
portant survivals of these methods are the 
instruments of V, Basch^ and Potain. ^ 

' " Der Sphy^momatiDtDeter und aetde V^rvrirthunf In 
der Praib/' Btrt. ktm* WQchinschr^^ jSS?, vol. xxiv. 
' " La Preasion art^rielle de l^Hottjme li Tctat nomiitl «t 
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The method of both is identical; it is 
founded on the application of an air-bulb 

I to the radial artery — the bulb being in 
tonnection with a small aneroid, which 
indicates in cm, of mercury the degree of 

^compression required to dose the artery, 
as denoted by the cessation of puisaiion 
on the distal side of the bulb* This 
method is ideally practical. But, unfor- 
tunately, one's trust in it is considerably 

^impaired by finding, as I have frequently 
done, that it affords marked differences 
(varying from 20 to 50 mm. Hg.) between 
the readings of the arterial pressure made 
on the same hydrostatic level, and at the 
same moment in the normal radial, ulnar, 
temporal, and other accessible arteries — 
the corresponding arteries likewise fre- 
quently affording quite different readings. 
Similar evidence has also been furnished 
by V, Basch^ and Potain* themselves. 
These discrepant readings, which contra- 
dict our knowledge of the equality of the 
arterial pressure in all the accessible 



■* op. eiL 
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arteries (see p. 56), therefore reveal a 
fundamental defect in the method of read- 
ing the systolic arterial pressure by small 
air cushions or bulbs pressed over the 
individual artery (e.g. radial) so as to 
close it They are not caused by the pad 
itself — whether its wall is too thick| or its 
capacity too small; for I have experi- 
mented with pads having the thinnest of 
walls, and varying in diameter from three- 
quarters to over two inches, with exactly 
the same results. Nor are they caused 
by differences of resistance in the arterial 
wall — for observers who have investigated 
this point are agreed that the pressure 
required to close an empty normal artery 
is practically nominal (e.g. from I to 
2 mm. Hg. — V. Basch). 

The divergent readings are obviously 
due to (i) varying degrees of resistance 
in the tissues overlying the vessels, and 
(2) the different anatomical relation of 
each artery to the underlying resisting 
surface or bed on which it is compressed. 
When the artery is closed by the pressure 
brought to bear on the air-bulb, these 
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varying degrees of resistance, as well as 
the resistance of the blood-pressure, are 
estimated together, and we read this com-* 
posite resistance as arterial pressure. 

Therefore the principle of ascertaining 
the arterial pressure from an individual 
artery by closing it by compression is 
fundamentally vitiated by variable tissue- 
resistance. In practice I have observed 
that the readings thus obtained from the 
radial agree with those furnished by the 
armlet method in the majority of cases ; 
but every now and then I have en- 
countered discrepancies, and in one or 
two cases these have been as large as 
30 or 40 mm. Hg. These results show 
that, though the bulb method may give 
comparable results in the general run of 
cases, it is untrustworthy, for any case 
may prove to be an exception. On the 
other hand, the armlet method does not 
yield discrepant readings from normal 
individual arteries : for example, the ulnar 
affords the same systolic reading as the 
radial — a fact which proves that the 
method is fundamentally accurate. 
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A MeUio4l founded on the Balanc- 
ing of tke Pnlse-preMwre l¥ave. — Can 

the arterial pressure, from its minimum 
to its maximum, be determined accurately 
in a single artery without actually closing 
it ? If this be possible, then the vitiating 
influence of varying tissue resistance may 
either be eliminated, or at any rate be 
greatly modified. 

Writers on sphygmometry have always 
grouped together all the instruments 
which derive their readings of the arterial 
pressure from a single artery — whether 
they actually close it or not — as if they 
followed the same principle. For ex- 
ample, my haemodynamometer (Fig. 4), 
which was designed to balance the blood- 
pressure in an artery and not to close it, 
has been so classified. It is true, when 
I introduced the instrument some years 
ago, I did not realise its full capacity, 
which has been only recently disclosed 
by comparing the results it furnishes 
with those obtained by the armlet method. 
I brought forward the instrument as an 
indicator of the maximum oscillation, 
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which is now regarded as the criterion 
of the diastolic pressure. Recent obser- 
vation has, however, shown that the 
instrument not only indicates this pres- 
sure, but furnishes likewise the systolic 
pressure. 

For many years I have been conversant 
with the fact that the instrument provides 
two maximum oscillations of the indicator, 
one lower, which denotes the diastolic 
pressure, and the other higher on the 
scale — the two maximum oscillations being 
separated by somewhat diminished ex- 
cursions of the indicator. The full 
significance of the higher maximum 
oscillation, which has caused some un- 
certainty in past observation, has now 
been made apparent by comparing it with 
the readings of the systolic arterial 
pressure furnished by the armlet method. 
It has been found to denote the systolic 
pressure, just as the lower maximum 
oscillation indicates the diastolic pressure. 
Therefore each of these divergent points 
in the cycle of the pulse pressure produces 
in the haemodynamometer its own visible 
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indication in the form of a maximum 
oscillation of the indicator; and the area 
of amplest oscillation thus bounded is a 
measure of the height of the pulse-pressure 
wave, which is of variable length in 
different cases {see pp. 85-6). 

Between the two maximal excursions 
of the indicator the oscillations diminish 
quite appreciably in the majority of cases. 
But in others, as when the two maximal 
oscillations are closer together (e.g. 10 
or 15 mm.), this diminution is less ap- 
parent and requires rather close obser- 
vation for its detection ; but should they 
seem to be nearly uniform, they still 
mark out the limits of the pulse-pressure 
wave — for the lower maximum excursion 
is easily defined and the upper one is 
clearly shown by the diminution, which 
is not succeeded by a group of increased 
oscillations higher on the scale. The 
primary diminution of the oscillations 
and their subsequent development to the 
second maximum point, beyond which 
they finally decline, doubtless depend on 
several causes, such as : (i) the disc-like 
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shape of the pad ; (2) the fluid in the 
pad being fixed in quantity and small in 
volume ; and (3) the virtual closing of the 
artery, which causes a distension and 
increased pulsation of the vessel on the 
proximal side of the pad — hence the 
second maximum oscillation is properly 
developed only when the pad projects 
well (about a ^-inch) beyond the metal 
ring, but disappears (the lower maximum 
oscillation alone remaining) when the side 
of the projecting portion of pad is quite in- 
closed within a rigid ring — ^this excluding 
lateral pulsation on the pad.^ But what- 
ever the explanation may be as to how 
the two maximum oscillations are pro- 
duced — and I am satisfied that they 



* The pad is made to project fuUy |-inch beyond the 
metal ring which surrounds it, and is divested of its 
back spring (as thus modified four years ago); and the 
instrument is mounted on a slide, which greatly facilitates 
its use (Fig. 4). Set up in this way the sensitiveness 
and accuracy of the instrument are increased. The only 
important objection to this portable little instrument is 
the advisability of having the standardisation tested by 
the instrument-maker periodically (say once in la months 
or so). When the armlet method is also used, the need 
for restandardisation of the hsemodynamometer is shown 
when a disparity is apparent between the readings fur- 
nished in normal subjects by the two methods {agt p. 49). 
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solely depend on mechanical conditions — 
their existence is apparent enough. 

The haemodynamometer yields identical 
readings of the arterial pressure (diastolic 
and systolic) in all the accessible arteries 
(radial, ulnar, superficial temporal, pos- 
terior tibial, dorsalis pedis, superficial 
palmar arch) — a result which is in accord 
with our physiological knowledge, and 
demonstrates that this mode of measuring 
the arterial pressure in individual arteries 
by merely balancing the pulse-pressure 
wave through a fluid medium of limited 
volume is not vitiated by variations in 
tissue resistance, which is, as I have 
shown, the fundamental defect of the 
method of compression, which secures 
continuous closure of the artery. 

Hour to observe the Arterial Pres- 
sure by tbe Htemodyuamoineter.— 
The right arm on its ulnar side is placed 
on a table (this being on a level with the 
ensiform cartilage in the sitting posture 
and with the back in the recumbent 
position), and the wrist is kept bent to 
the angle of 45° by the observer's left 
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hand holding back that of the patient.^ 
The feet of the slide are so placed as 
to elude the track of the artery, and the 
pad of the instrument (Fig. 4) is 
placed over the vessel at right angles to its 
bed. Pressure is then made by gently and 
gradually pushing forward the body of the 
instrument by the thumb of the observer's 
right hand holding the slide.' The indi- 
cator will then rise on the dial and show 
the degree of pressure brought to bear 
on the pad and the vessel, and will begin 
to pulsate when measuring 50, 60, yo, or 
80 mm. or so. The pulsations gradually 
increase in size as the indicator is made 
to rise farther on the scale, until the lower 
maximum point is reached (diastolic 
reading), beyond which they gradually 
diminish, and again increase under a 
higher pressure until a second maximum 
oscillation is produced (the systolic read- 



* The observer should never neglect to follow this im- 
porUnt direction, as it is essential to accurate observation 
that the artery should be rendered somewhat taut by thus 
bending the wrist. 

* It is most important to preserve the line of pressure 
exactly at right angles to the bed of the artery 




ing), after which they finally decrease* 
The readings are made at the midway 
point of the maximuin excursions (dia- 
stolic and systolic). When the oscillations 
of the indicator are comparatively small 
in range, it is much easier to read 
accurately the points when they attain 
their maximum development than when 
they are large. The radial very fre- 
quently furnishes a. response which is 
too voluminous ; then the observer should 
select another superficial artery which 
gives a smaller reaction, such as the 
ulnar artery or superficialis volse ; and 
for this purpose the dorsal extremity of 
the radial just before dipping down to 
form the palmar arch is most suitable 
for blood-pressure observation with the 
haemodynamometen In all cases in 
which the pressure has been derived 
from the radial the observation should 
be corroborated, if possible, on the ulnar 
artery, which should afford the same 
reading. 

Those who prefer to read the arterial 
pressure by taking the systolic pi-essure 
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only will find the lisemodynamometer 
a convenient instrument for quick and 
accurate observation — for they have 
merely to develop the highest maximum 
oscillation of the indicator. 

The reRdiiig's of the hiemocly^iia- 
mometer liave been eoEnpared vvltb 
tlio^e of tiie armlet nietliod in some 
hundreds of cases, with the following 
results i They have been found to be 
identical in all^ except in several cases 
iji which sclerosis of the brachial artery 
was demonstrable. In these the armlet 
method invariably afforded higher read- 
ings of the systolic pressure — the excess 
varying from lo to 50 and even in excep- 
tional cases to 100 mm. Hg. {see p. 115); 
while as a rule it yielded diastolic readings 
which were either practically identical with 
or were not very much higher than those 
of the haemodynamometer. It was there- 
fore the systoHc pressure of the armlet 
which was more particularly raised in the 
sclerotic cases. 

The practical advantages derived from 
the conjoint use of these two modes of 

4 
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measuring the arterial pressure have been 
considerable. It has shown, (i) that 
the armlet method is apt to over- 
estimate — and sometimes to considerably 
overestimate — the; systolic pressure and 
to exaggerate the height of the pulse- 
pressure wave in subjects suffering 
from arterio-scIerosis(sr^ p. 1 13); (2) that 
the haemodynamometer is useful in 
indicating when this overstepping of 
the systolic pressure reading takes place 
and the existence of arterio-sclerosis 
may be inferred;^ and (3) that the use 
of the combined methods therefore yields 
more comprehensive results than cither 
singly — ^giving, in fact, a measure of the 
sclerosis as well as that of the arterial 
pressure. 

The two maxtamin osclHationft 
(diastolic and systoUe) may also be 
demonstrated by tiie compressed air 



* The liability of the armlet method to yield in arterio- 
sclerosis too high readings of the systolic pressure as 
defined by the finger is still greater in the graphic records 
of the pressure— for these not infrequently show ample 
oscillations, 30, 30, or even 40 mm. above the point at which 
the pulse ceases to be felt. 
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■MinoflMtMr. — This &ct has already 
been referred to in connection with the 
applicaticmof the digital pad (see pp. 29, 30). 
It may likewise be shown by the use 
of a circular rubber bulb, fixed in a 
metal cover and connected with the 
manometer by a rubber tube. For ex- 
ample, it is apparent when the bulb is 
applied to the superficial palmar arch in 
the following simple manner: (i) Place 
the flat end of the bulb on the table; 
(2) bring the k/i^ palm (just above its 
centre) over the bulb; and (3) press 
downwards the back of the patient's hand 
the required degrees ; when the index 
will rise and afford first the diastolic 
maximum oscillation, and next, after some 
diminished excursions, the systolic maxi- 
mum oscillation.* The bulb, applied to 
the radial and ulnar arteries, does not 
however always yield both maximum 
oscillations — for the systolic one often fails 



* Th« left palm affords a better response than the right, 
because its epidermis is less thickened by use. 

* Tbongh this method is generally successful when the 
hand is warm, it may fail when it is cold or when the 
palm is homy. 
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to appear. The best way to apply the 
bulb to the arteries of the wrist is 
to have it mounted on a slide with 
springs (Fig. 5), and to place it in situ, 
when the forearm of the patient is 
placed on the table, with the palm up- 
turned, the wrist being well extended and 
resting on a book. The feet of the slide 
are planted, one on the radius and the 
other on the flexor tendons ; and pressure, 
which can be graduated with great nicety, 
when applied to the brass cover, raises 
the index, which is under perfect control 
— the observer stopping it at any point, or 
lowering it and again raising it, as he may 
wish. The observation should be made 
deliberately — the index being raised or 
let down somewhat slowly. The diastolic 
pressure is read, as usual, by the lowest 
maximum oscillation. The systolic pres- 
sure may be taken when the distinct 
throb of the index ceases, or is reduced 
to a mere quiver; or when the index, 
pushed up well beyond the pulsating 
area, begins to throb again on being 
gradually lowered. 
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The systolic reading thus made is 
generally a few millimeters ($ or so) too 
high ; but it has the advantage of having 
a more definite finish than the reading 
obtained from the area in which the 
oscillations rapidly diminish. 

This mode of taking the arterial pres- 
sure by balancing the pulse-pressure 
wave is quick (not requiring more than 
half a minute), and the readings it affords 
have so far agreed with those furnished by 
the armlet method in normal subjects; 
and in arterio-sclerosis they have corre- 
sponded with those of the hsemodynamo- 
meter. 

Should the observer care to read the 
systolic pressure by closing the artery with 
the bulb, he will perhaps find that the 
application of it by the aid of the slide 
will afford more uniform results than the 
digital use of the detached bulb it la 
Potain; at the same time he should be 
reminded that, according to my observa- 
tion, the data afforded by this method 
are not always to be trusted {see p. 41). 
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THE PHYSIOLOGY OF BLOOD-PRESSURE. 

The Blood-Pressure in Different 
Parts of the Arterial System 
(the Arm, Forearm, and Phalai^ges). 

As our knowledge of the blood-pressure 
in the different districts of the arterial 
system in man is not so complete as one 
could wish, I will, as a contribution to it^ 
adduce a few data showing the relation 
between the different pressures in the 
arm and forearm (upper and lower), and 
in the finger, 

Ab&enec of Physlolog-icai Stimiila- 
tian of ilte Circa I at ion necessary far 
the Comparative Observation of tbe 
DiAerent Pressures* — -But for the pur- 
pose of this comparison it is necessary to 
obtam the condition of physiological rest 
in the circulation — as complete rest as 
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possible; for, as will be subsequently 
shown, a state of circulatory activity, 
such as that which follows exercise or 
the ingestion of food, disturbs the inter- 
relation of the different pressures. I have 
observed in every normal subject that 
there are periods during the waking 
hours — recurring with remarkable persist- 
ency, in which we may say that there is 
a fair d^ree of uniformity in the activities 
of the circulation— when the arterial 
pressure becomes practically constant. 
It undoubtedly varies within certain 
limits in different individuals, and it is 
true these limiis are not so dk>se as those 
of the tenq)erature of the body ; but for 
each individual of normal tone it is fairly 
constant in the different areas. These 
periods recur, as a rule, quite regularly 
during the hour before each meal when 
the body is in a state of rest. 

Tlie nraelila-<ra4lal and Piialan- 
Seal Prei^sares. — I have not found any 
appreciable difference between the arterial 
pressure (systolic and diastolic) taken 
from the arm and that taken from the 
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forearm (upper and lower). If the pres- 
sure is actually less at the wrist than it 
is in the arm, the reduction is not, as a 
rule, detectable with certainty. In the 
arm the first appreciable fall in the 
pressure is found at the first phalanx, 
where it may be found to range from 
lo to 25 mm. of mercury. The reduction 
increases in the second and third pha- 
langes ; and in the latter it may even fall 
to 50 mm. of mercury — the pressure then 
being, roughly, a little less than half that 
of the brachio-radial region. 

Rapid Fall in the Finest Divisions 
of the Arterial System. — These data 
indicate that the fall in blood-pressure 
which takes place between arteries of 
intermediate size and the capillaries be- 
comes quite appreciable only in the some- 
what finer divisions of the arterial system, 
beyond which it is extremely rapid.^ It 



^ I have elsewhere shown that the arterial pressure 
obtained from the accessible individual arteries of the 
hand and elsewhere by the haemodynamometer is not 
appreciably different (see Blood and Blood-pressure, zgoi) ; 
uid this conclusion is confirmed by observations made with 

« compressed-air manometer. 



RAPID DISTAL PRESSURE-FALL. $7 

is observed that the systolic pressure 
diminishes somewhat more rapidly than 
the diastolic — ^in a word, the two pressures 
approximate more and more as the ter- 
minal arteries and arterioles are ap- 
proached. The low reading obtained from 
the last phalanx suggests that in this 
area we are probably approaching the 
arteriolar or precapillary pressure. Pres- 
sure readings from this distal part of 
the circulation are not, however, always 
equally available — as, for example, when 
the fingers are cold the pulsations are 
abolished or become greatly enfeebled. 
Dr. A. Waller, applying his digital 
sphygmograph to the finger-nail, with 
an air-tight connection with a mercurial 
manometer, obtained an approximate 
pressure of only 20 mm. of mercury, and 
found that the pulsation was abolished 
by cold.^ 

* Brii, Mtd.Joum^t vol. ii., i9oo» p. 840. 
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The Relation of the Brachio-radial 
Pressure to the Central-arterial 
Pressure. 

In the normal state i>f the circulation 
it may be inferred that the brachio-radial 
pressure bears a certain definite and 
fairly uniform relation to the pressure in 
the central arteries; and this is indeed 
the accepted basis of our clinical reliance 
on the guidance of the Ix-achio-radiad 
pressure. But may it not follow, from 
our knowledge of the physics of the 
circulation, that a reduction of the calibre 
of the arteries of a limb will disturb 
this relation — the brachio-radial pressure 
diminishing in proportion to the contrac- 
tion of the brachial arteries, with a conse- 
quent rise in the central pressure ? This 
anticipation is not, however, verified by 
observation; for the arteriometer and 
the manometer have clearly shown that 
with reduction of the radial caUbre the 
brachio-radial pressure generally rises 
{see pp. 62, 69, 160, 238). Whether or 
not there is at the same time a dispro- 
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portionate rise in the central pressure it 
is impossible to say. That there should 
be a fall of the arterial pressure in a 
limb with moderate or even decided con- 
traction of its arteries, does not, however, 
seem probable, when we bear in mind, 
fts we have just seen (p. 56), that we do 
not encounter a decided diminution ^f 
the normal pressure until we reach the 
arteries of very small calibre — such as 
the digital. To ensure a fall in the 
toicbio-radial pressure, we must suppose 
.that the arteries of the limb are capable 
of being diminished to such small dimen- 
sions as those of the distal arteries ; and 
that is not probable. We may therefore 
conclude that our knowledge of the 
normal arterial pressure (proximal and 
distal) accords with the results of clinical 
observation, that the reading of the 
brachio-radial arterial pressure is a trust- 
worthy criterion of the central pressure 
and of the pressure throughout the 
jM*oximal arterial system. 
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The Physiological Variations of the 
Blood-pressure in the Intermediate 
AND Distal Parts of the Arterial 
System. 

Th€ Pre^$iiir€ Varimloiis produced 
bjr Stimulation of tlie Circulation , 

— The common feature of all forms 
of stimulation of the circulation (such 
as that induced by digestion, exercise, 
warmth, nervous excitation) is a rise in 
the blood-pressure in the distal area — 
the last phalanx of the finger or thumb. 
The rise is generally large relatively to 
the constant pressure. In normal con- 
ditions it is associated with either a fall 
or a moderate rise in the brachio-radial 
pressure, 

Ttie Oistnl Bj^e with Fall in the 
Intermediate Arterial Pressure is 
due to Taso-diiatation.— It is quite 
conceivable how this event in the distal 
vessels is brought about when the blood- 
pressure falls in the intermediate arteries, 
for vaso-dilatation, unfolding the distal 
circulation^ will cause the pressure to 
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rise in the peripheral arteries, arterioles, 
capillaries, and veins. This increment 
of distal pressure, produced by vaso-di- 
latation, will be all the more pronounced 
and sustained should the maximum 
arterial pressure, due to the ventricular 
contraction, be well maintained. 

The Distal Rise when Part of a 
General Rise in the Arterial Pressure 
is due to Cardiac Stimulation, which 
majr overbalance the Lowering ISflTeet 
of Vaso-eonstri€^ion. — But when the 
pressure in the peripheral vessels par- 
ticipates in a general rise of arterial 
blood-pressure, some other factor will 
come into play if vaso-contraction takes 
place, for that will tend to lower the 
I>ressure in the distal vessels. Observa- 
tion points to cardiac stimulation as that 
factor; for I have always observed that 
"^^hen the pressure rises throughout the 
'Arterial system (in the digital as well as 
^-■1 the brachio-radial area) the systolic 
t^i^cssure rises still more. It is therefore 
^l^vious that the lowering effect of 
^^oderate or physiological vaso-contraction 
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on the distal blood-pressure is more than 
compensated by augmented ventricular 
contraction. The two types of normal 
peripheral increment of blood-pressure 
— viz. from (i) vaso-dilatation only, and 
(2) moderate vaso-contraction pbis cardiac 
stimulation — have been followed by the 
arteriometer (see p. 238), which has af- 
forded evidence of radial dilatation in the 
former case and contraction in the latter. 
Is there a Taso-caHllac Beflex 1 — 
The relatively increased rise of the 
systolic over the diastolic pressure reading 
when vaso-contraction comes into play, 
suggests that there is a vaso-cardiac 
reflex ; the ventricular action being stimu- 
lated, with probably a more effective and 
increased output, by vaso-motor contrac- 
tion, and becoming less energetic as the 
peripheral vessels dilate. A strictly 
nervous reflex may not, however, be 
necessary to produce these changes in 
ventricular activity ; for may they not be 
induced by variations in the aortic and 
intra-ventricular pressures which may 
directly stimulate the ventricle? How- 
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ever produced — ^whether by way of reflex 
or by fluid conduction — they show us 
the physiological method by which the 
activity of the ventricle is influenced by 
states ^of the peripheral vessels — the 
method, indeed, which we follow in our 
therapeutic eiSbrts to alter and control 
the arterial pressure. 

The Pressare Tariations produced 
hj Bige«tioii. — There is much dis- 
crepancy apparent in the results obtained 
by different observers as to the eJOfects 
of digestion upon the systemic blood- 
pressure, some indicating a constant fall, 
others a constant rise, and still others 
showing an absence of regular variation. 
This apparent want of consistency in the 
results of observation certainly does not 
afford a promising outlook for the dis- 
covery of a constant alteration in the 
blood-pressure induced by digestion. My 
observations, founded on a close study 
of this subject extending over many 
years, however, dispose me to think that 
these apparently discordant conclusions 
are susceptible of reconciliation. 
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Observation has shown that the in- 
gestion of food invariably raises the 
arterial pressure in the distal area (last 
phalanx of finger or thumb). The rise 
begins^ as a rule, within five n)r ten 
minutes after the inception of food, and 
attains its maximum development of from 
15 to 20 mm, of mercury in an hour; 
then it declines, and in the course of 
from one and a half to two and a half 
hours it gradually settles down to its 
minimum level, until the next meal, or 
until exercise is taken. It has been 
observed that when the distal pressure is 

high before a meal (e.g, - - ■ -j^ mni, Hg,), 
DO yO D 

the digestive increment of that pressure 
is less than when it is lower at that time 

The lirpotonic effect of digestion on 
the arterial system (indicated by a fall in 
the brachio-radial and a rise in the 
phalangeal or distal pressure) is much 
more common than the hypertonic effect, 
and is quite usual in the earlier rather 
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than in the latter half of hfe. In all cases 
, it supervenes during sleep, and as a rule 
during recumbency after meals. It is, 
however, not Infrequently met with even 
in the erect or sitting posture in subjects 
who frequently present the hypertonic 
, digestive effect. The brae hi o- radial sys- 
tolic pressure may likewise fall along with 
the diastolic, or it may remain stationary, 
or may slightly rise. It is obvious that in 
this condition of the circulation the arterio- 
cardiac reflex (see p. 62) is in abeyance, 
and is indeed unnecessary for securing 
an adequately increased supply of blood 
to the capillaries. 

The hj^pertonje effect of digestion on 
the arteries, which secures a uniform rise 
of blood-pressure throughout the whole 
arterial system, is secured by vaso-con- 
traction, which incites the ventricle to 
increased action. Hence after meals the 
rise in the systolic pressure somewhat 
exceeds that of the diastolic, and the 
pulse-rate increases, and this rise in the 
contractile energy and in the output of 
the ventricle suffices to overcome the 
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augmented tone of the arteries and to 
raise the distal pressure. This form of 
the digestive stimulation of the circulation 
is more frequently met with in the latter 
halfofUfe. 

It is therefore apparent that the 
primary aim of both these forms of the 
digestive disturbance of the circulation is 
to raise the capillary blood-pressure, and 
that this end is secured either by merely 
relaxing the arterial and arteriolar 
muscular tissue or by increasing the 
activity of the cardiac muscle. 

The Pressure Tariations of Exer- 
cise. — The following is an epitome of the 
results of my observations : 

(i) During all forms of exercise the 
arterial pressures (minimum and maximum) 
are raised throughout the whole systemic 
area of the circulation; and it seems 
probable that the blood required to pro- 
duce and sustain this rise of blood- 
pressure is derived from the splanchnic 
area.^ The rise extends to the terminal 
portion of the arterial system ; and during 

* Bhod and Bhod-prtsaHn, pp. x6a-4. 
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the continuance of the exercise it tends to 
give way in the intermediate and central, 
while it continues high in the distal, por- 
tions of the circulation. 

(2) Ifnmediatefy on ceasing the exercise 
the arterial pressure may be found to be 
either supernormal, normal, or even sub- 
normal; the duration and degree of the 
exercise, the staying power of the subject 
(his training, etc.), and the temperature of 
the air all being important factors in pro- 
ducing this varying result If the arterial 
pressure is raised, it soon begins to fall, 
the diastolic generally falling somewhat 
before the systolic ; and first of all the 
fall is apparent in the brachio-radial 
area, while it still remains high in the 
third phalanx, where it will continue to 
be raised for some time, if the subject is 
heated by the exercise, or the atmosphere 
is warm. Eventually the distal pressure 
settles down, and the brachio-radial 
pressure is restored to normal. These 
variations of the arterial pressure after 
moderate exercise generally require for 
their subsidence the lapse of half an 
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hour. As I have observed a secondary 
rise of pressure during rest following this 
primary restoration, it is better to wait an 
hour after active or prolonged exercise is 
over before making a clinical observation. 
These pressure variations of exercise are 
more pronounced and of longer duration 
in warm than in cold weather. 

The pressiire variations of tem- 
perature are very considerable. These 
are specially apparent when the body 
generally is exposed to wide differences 
of temperature, as in hot or cold weather, 
baths, etc. Warmth approximates the 
normal co-relation between the inter- 
mediate and distal arterial pressures 
(these becoming even uniform), while cold 
exerts the contrary influence. 

A considerable range of variation 
of tlie distal-arterial pressure there- 
fore characterises the normal state of the 
peripheral arteries, their response to 
physiological stimuli being large and their 
pressure, when free from the effect of 
such stimulation, having a certain margin 
of variability consistent with good health. 
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The Vaso-motor Control of the 
Arterial Pressure. 

Tonieitjr is an Important Factor 
In determining the Arterial Pres- 
sure. — While the body is in a state of 
rest the normal arterial pressure is mainly 
controlled by tonicity of the arteries, and 
especially that of the arterioles, whether 
splanchnic or systemic. Tonicity exerts 
not only a direct effect on the pressure, 
but probably also an indirect one reflected 
through the cardiac centre (see p. 62). 
When tone diminishes, the volume of the 
blood increases, first in the peripheral 
vessels and then in the veins (splanchnic 
and systemic), and the arterial pres- 
sure falls. When, on the other hand, 
tonicity increases, blood is withdrawn 
from the veins (and especially the 
splanchnic veins), and the arterial pres- 
sure rises. 

Storage of Blood in the Teins is 
a Provision for Physiologieal Work 
and Rest. — The large calibre of the 
veins (systemic and abdominal), far in 
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excess of that required for the transit of 
the average volume of blood circulating 
through thetn, serves an important 
physiological purpose — namely, to pro- 
vide for the temporary storage of blood. 
During exercise the systemic veins become 
loaded with blood, and their reserve 
capacity enables them temporarily to 
retain such portions of the blood as the 
heart may not for the moment be able 
to discharge into the arteries. In the 
intervals of rest the blood employed in 
systemic work reverts to the capacious 
splanchnic reservoir, whence it is again 
withdrawn by the physiological activities 
of the system. In this fact we find the 
raison d^cire of the large capacity of the 
splanchnic veins, which form an adjunct 
to the systemic circulation, serving as a 
reservoir for the supply of blood needed 
for the performance of work^whether 
cerebral or muscular — and as an overflow 
chamber in times of rest. 

Clinlcftl Disluirlianees af tlie 
IVoriiial Intercliaiig^e between the 
f^plaiiclinlc and tlie ISfystemie Areas 
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«if tile Circulation. — In health a certain 

degree of functional interchange is 
maintained between the two systems 
(splanchnic and systemic), so that the 
"give" and **take" of each fall within 
certain limits ; but in disease this normal 
balance is apt to be greatly disturbed. 
In one group of cases (the hypotonic) 
the splanchnic reservoir is continuously 
surcharged, while the systemic "draw" 
is lessened and the arterial pressure is 
lowered. In another group (the hyper- 
tonic) the splanchnic reserve is greatly 
reduced, and the arterial pressure is 
raised. 

The Blood-pressure in the Systemic 
Veins. 

The methods of observing the venous 
pressure on the dorsum of the hand (see 
p, 32) have yielded the following results; 

Postnre. — The pressure in normal 
subjects is lower in the recumbent than 
in the erect position, and intermediate in 
the sitting posture : c.j^- recumbency 10-15, 



72 PHYSIOLOGY OF BLOOD PRESSURE. 

sitting without support 15-20, and 
standing 20-25 mm. Hg. 

Muscular Actfon has a pronounced 
effect in raising the venous pressure. 
This is even observed in the postures : 
for example, lit may be 10-15 mm. Hg. 
while sitting with back supported and all 
the muscles relaxed, and on sitting erect 
it may rise to 15-20 mm. Hg. But the 
increment is much more decided in active 
exercise of all kinds ; even in cycling 
on a level road (and therefore with only 
slight effort) the venous pressure may 
be doubled — e.g. 15-20, rising to over 
30-40 mm. Hg. ; and in cycling on a rising 
gradient it may exceed 50 mm. Hg. 

Contraction of the muscles, by com- 
pressing the veins, raises the pressure: 
this fact, which was utilised in the days 
of venesection, is well shown by raising 
the hand until the veins collapse, when 
muscular contraction of the arm refills 
them. 

Mental Exercise and Psychological 
Excitement and Perturbation like- 
wise increase the pressure. Hence the 
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importance of quiescence of mind and 
emotion during. the observation. 

Digestion also raises the venous 
pressure. Its augmenting influence is, 
however, counteracted by the reducing 
effect of the splanchnic drain which takes 
place after a meal — especially during the 
first hour. But, notwithstanding this 
fact, the systemic venous pressure does 
rise as a rule even in the erect postures 
during digestion. 

Temperature. — Warmth raises the 
venous pressure and cold lowers it. 

Respiration influences the pressure 
quickly and powerfully. All forms of 
effort which increase the intra-thoracic 
air-pressure raise the venous pressure 
markedly ; such as coughing, straining at 
stool, lifting a heavy weight with the 
glottis closed, Valsalva's experiment 
(forcible expiration with closed mouth 
and nostrils). 

The effects of deep inspiration and 
expiration on the venous pressure are 
readily studied by gradually raising the 
extended hand until the veins on the 
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dorsum just collapse (see p. 32), main- 
taining it at that level and taking a 
series of long-drawn, deep inspirations 
and prolonged expirations, when the 
veins will be seen to fill with every 
inspiration and to empty with every ex- 
piration. These respiratory variations in 
the collapsed veins show the far-reaching 
effect of deep breathing on the peri- 
pheral circulation— the rise and fall in 
the venous pressure being indicative of 
the same variations in the capillary and 
tissue l3miph circulation {see pp. 76-8). 
These observations are not, however, 
quite in keeping with what we know of 
the dilating effect of inspiration and the 
contracting effect of expiration on the 
intra-pulmonary vessels, which should 
induce a fall in the venous pressure 
during inspiration and a rise of it during 
expiration. But this discrepancy may be 
accounted for by (i) the fact that the 
variations in blood-pressure produced 
by inspiration and expiration are actually 
not synchronous with the respiratory 
movements — the maximum effect of each 
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being intermediate between inspiration 
and expiration ^ ; and by (2) the muscular 
action on which deep and prolonged 
inspiration entirely depends — expiration 
being quite independent of it. 

Sleep and droiirsiness, by reason 
of the vaso-motor relaxation induced, 
favours a rise in venous pressure. 

How is the venous pressure modi- 
fied 1 — ^The following are the leading 
factors : in reduction — (i) diminution of 
the ventricular output and contractility, 
(2) contraction of the arterioles and (3) 
splanchnic drain; in increase — (i) aug- 
mentation of the ventricular output and 
contractility, (2) vaso-dilatation, (3) in- 
creased intra-thoracic air-pressure, and 
(4) compression of veins during muscular 
contraction. 

Tlie Venous Pressure as an Indi- 
cator ol the State of the Peripheral 
Circulation. — ^This physiological study 
of the venous pressure shows that a rise 
of the venous pressure is an external and 

* A Manual of Physiology ^ by G. N. Stewart, M.D., etc. 
London, 1899, p. a4g. 
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visible sign of increased activity in the 
peripheral circulation — indicating the pas- 
sage of a larger volume of blood through 
the capillary area; and a fall in that 
pressure shows either diversion of blood 
to the splanchnic area or a contraction of 
the peripheral vessels. 

The Relation between the Tenons 
and the Arterial Pressures. — The 
arterial as well as the venous pressure is 
raised during active exercise and during 
muscular contraction and eflFort; but in 
quiescent conditions of the body, when 
the venous pressure is raised by either 
warmth, sleep, or digestion, the proximal 
arterial pressure falls, while the distal 
arterial pressure rises as part of the 
increment of peripheral blood-pressure. 

The Capillary Blood-pressure. 

The Agreement hetween the Varia- 
tions of the Tenons and Capillary 
Blood - pressnre. — Observation has 
shown me that variations of the capillary 
pressure are more definitely afforded by 
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the venous pressure than by the methods 
of direct measurement which have been 
proposed. I have found that the venous 
pressure taken by the gravity method is 
the best indicator of the capillary pressure, 
when the hand is normally warm ; this is 
an important proviso, for when the hand 
is cold vaso-contraction of the venules 
takes place, which favours a rise in the 
capillary pressure, while it determines a 
fall in the venous pressure. 

The Amomit ol Tissue-fluid indi- 
cates tlie Capiliary Pressure.— But 
observation has further demonstrated, 
that the amount of tissue-fluid present 
in the last phalanx is the best and most 
trustworthy guide to the variations of the 
capillary pressure. The method of obser- 
vation of the tissue-fluid is elsewhere 
described (see Appendix). 

Tlie Relation between tiie Tenons 
Pressure and tlie Tissue-fluid. — ^As 
the venous pressure is a good gauge of 
the capillary pressure, there should be a 
similar relationship between its variations 
and those of the volume of lymph which 
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circulates through the interstitial tissue. 
Observation shows that this is so. I have 
found that (i) whenever the veins on the 
dorsum of the hand collapse at the level 
of the cardiac area (from apex to base) 
the reading of the tissue-fluid falls to zero 
(f>. the lymphometer reading indicating 
either an absence of tissue-fluid or the 
presence of merely a point or two of 
lymph) ; and (2) the amount of lymph rises 
with the increment of venous pressure, 
as shown by the veins having a higher 
collapsing point than the cardiac area. 

These and other observations have 
shown (i) that the tissue-lymph circula- 
tion in the systemic area is but an extension 
of the capillary circulation, and (2) that 
it is tidal, or to and fro in character — a 
circulatory movement which is the out- 
come of the rise and fall in the capillary 
blood-pressyre. 

The Normal Gradient of Blood- 
pressure. 

These studies have shown that observa- 
tion on all the accessible arteries has 
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demonstrated that they contain a store of 
high and fairly uniform pressure, which 
does not appreciably diminish until the 
blood reaches the finer divisions of the 
arterial tubing — such as the digital arteries. 
From the physiological standpoint we 
may regard the distal arterial region as 
consisting of the smaller arteries (or 
arteriettes as they may be termed), in 
which the pressure falls rapidly, and the 
arterioles ; for observation shows that the 
stopcock action of the arterioles is really 
not confined to these terminal vessels, but 
extends to the whole of this area, which 
is throughout richly endowed with mus- 
cular tissue. Indeed, the arteriometer has 
demonstrated that the musculature of the 
proximal arteries also participates in 
vaso-motor contraction ; but to a less 
extent than the vessels of the distal 
arterial region — the contraction of the 
arteries being perhaps more of a defensive 
character, so as to counteract the dilating 
effect of the increment of pressure induced 
by the stopcock function of the distal 
vessels. 
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The arterial pressure is a reservoir, or 
head of pressure, held in reserve by the 
vaso-motor system for the supply and 
distribution of the blood down the steep 
gradient of the peripheral vessels — in 
a word, for the extra blood supplies 
required by the various forms of physio- 
logical activity. During vaso-contraction 
the steepness of this gradient increases — 
providing that the augmented ventricular 
action does not diminish it by overbalanc- 
ing the increased peripheral resistance — 
and during vaso-dilatation the capillary 
pressure rises and the areolar tissue 
becomes more freely irrigated by the 
plasmatic circulation. The best general 
external sign of these alterations of 
increase and decrease of the pressure- 
gradient is afforded by the venous pres- 
sure; a rise in that pressure indicating 
a more voluminous peripheral circulation, 
and a fall of it showing a reduction of 
that circulation. 
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The Normal Arterial Pressure. 

The Average or JIEean Normal 
Pressure. — ^What is the normal arterial 
blood-pressure in the average healthy 
adult? Observing all the elementary 
precautions to secure uniformity of obser- 
vation — such as avoiding the effects of 
exercise and of mental perturbation, and 
selecting the same area of the circulation 
{e^, the brachio-radial), the proper time 
of day (if possible an hour or so before 
meals), the same posture, and the level 
of the heart — it will be found that the 
normal arterial pressure in adults is 
somewhat less variable than is usually 
believed, a diastolic pressure of from 95 
to 100 and a systolic pressure of from 
105 to 130 mm. of mercury being the 
figures commonly met with. A good 
average normal radio-brachial reading in 
a young or middle-aged adult {cet, 35 or 

45) may be taken as ,^' ^ t^ > individual 
^^^ ^ 9S-IOO D' 

variations being included in the range 

just indicated. 

6 
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The BaBge of Physiological 
Variation. — When, however, the 
causes of physiological disturbance are 
disregarded, a wider mai^^in must be 
given for the normal variant — e.g. 

90-HS S 
80-1 1 SD' 

In women the pressures are generally 
from S to 10 per cent, less than in men ; 
in children and adolescents they, as a rule, 

approach the lower (^-r); and in subjects 

over 45 and in the elderly the upper 

^^'" ^^ — * normal limit The arterial 



/ I35-I4S b \ 
V105-11SD; 



pressure does not, however, necessarily 
rise with age (5^^ pp. 118-20). 

The Influence of Temperament 
and Mode of liife. — Nervous, anxious 
temperaments, and occupations which in- 
volve much anxiety, worry, and nerve- 
strain, tend to produce somewhat higher 
levels of arterial pressure — especially in 
the latter half of life. On the other hand, 
placid temperaments and routine occupa- 
tions — especially of the physical order — 
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dispose to the lower degrees of pressure. 
I have observed that, as a rule, in subjects 
of good condition and training — such as 
athletes — the arterial pressure is certainly 
not raised, and is indeed very often some- 
what below the average normal pressure 
— a fact which points to the importance 
of maintaining the functional activity of 
the peripheral circulation by exercise. And 
this conclusion is supported by the obser- 
vation that in those normal subjects who 
follow sedentary occupations for many 
hours daily indoors, the pressure, though 
generally normal, is more frequently above 
and less frequently below the mean normal 
pressure line. 

The Inihieiice of Body UTeigrht 
and Build. — It seems to me that small 
and light subjects have generally some- 
what lower arterial pressures ; so that a 
rise above normal in such subjects which 
may appear to be comparatively slight, 
should be regarded as more significant 
than in subjects of the average build. 
Broad, large-built subjects usually have 
a somewhat higher arterial pressure. 
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Tbe Influence of Hot and Cold 
Weather. — The modifying influence of 
unusually hot or cold weather (the 
hypotonic effect of heat and the hyper- 
tonic effect of cold) on the blood-pressure 
should also be kept in mind. According 
to my observation, warm weather, especi- 
ally when decided and continued, may let 
down the brachial pressure (systolic and 
diastolic) from lo to even 20 mm., and 
raise the phalangeal pressures to a corre- 
sponding degree ; and cold weather may 
raise the former and lower the latter to a 
similar extent. Hence during spells of 
hot weather an arterial pressure may 
appear to be quite normal, whereas when 
the temperature is ordinary and temperate 
it may exceed the upper physiological 
limit ; and in very cold weather the pres- 
sure may seem to be higher than it is at 
other times. 

There is some evidence to show that 
in tropical countries (such as India) the 
arterial pressure is lower than in colder 
and more temperate countries. McCayi 
of Calcutta^ thus writes : ** The pressure 
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[taken d la Riva-Rocci] over a very large 
number of observations varied between 

83 rmn, Hg, and I iS mm. Hg»j the average 
being slightly over 100 mm. Hg, (sitting 
position^ arm level with heart). This is 
much lower than the blood-pressure laid 
down for Europeans in European (colder) 
countries." ^ 



The Physiological Relation between 
THE Systolic and Diastolic Pressures, 

The Rfnige af Pwlse Frcs««re#^ — 

The difference between the minimum 
and maximum pressures is the complete 
cycle of the pulsation pressure. At the 
pressure-constant periods 1 have found 
that it varies in different individuals from 
10 to IS, 20, 25, 30, 35, or 40 mm, (the 

t average being about 2% mm.), the smaller 
differences being present in subjects below 
middle age and especially in children and 
in women, and the larger after middle age 
ajid especially in elderly subjects (over 
L 



' Tht Lanat, vol. L, tjofj p. 1484. 
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60 years). The difference is remarkably 
uniform in the same individual, but it is 
much less so during pressure-variable 
periods. As a rule, with vaso-contrac- 
tion the difference widens ; and with vaso- 
dilatation, while the two pressures usually 
fall together, they tend to approximate 
somewhat. According to my observa- 
tion, as a rule in normal subjects, a rise 
of 5 mm. over 100 in the diastolic pres- 
sure is associated with a somewhat greater 
rise in the systolic ; but the increment of 
the systolic over that of the diastolic 
pressure within the physiological limits 
diminishes as the pressure rises. 



CHAPTER IV. 



ON CLINICAL HjEMOMANOMETRY. 



Most clinical observers are now much 
alive to the value of blood-pressure 
measurement as an aid in diagnosis, 
prognosis, and treatment. It is therefore 
no longer necessary, in commencing the 
study of clinical hsemo manometry, to 
insist on the shortcomings of the digital 
observation of the pulse and on the 
advantages to be derived from reading 
the blood-pressure definitely* This pro- 
cedure is now accepted as a useful 
addition to other methods of clinical 
observation by many physicians in Ger- 
many^ Italy^ France, America, and in 
this country ; and is winning its way 
into the body of the profession, for 
the general practitioner is realising its 
practical value. 

It therefore follows that now a whole 

*7 
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army of observers is at work on the 
measurement of clinical blood-pressure, 
instead of, as formerly, a devoted observer 
here and there ; and we may consequently 
hope that the many gaps in our knowledge 
of the subject will soon be filled up, and 
that haemomanometry as a clinical method 
will become firmly established. 

The following illustrations of the clinical 
value of blood-pressure measurement in 
medical practice, derived partly from my 
own field of observation and partly from 
that of others, will form as it wane a 
bird's-eye view of the results of mano- 
metric observation and a nucleus for 
further inquiry.^ 

On Subnormal and Supernormal 
Arterial Pressure. 

Subnormal Arterial Pressure. — We 

may employ the term "subnormal" in 



* The reader should consult The Clinical Study of Blood- 
treasure, by C. Janeway, M.D., which, besides containing 
the author's observations and conclusions, furnishes a 
Kood rMMm/ of the results of blood-pressure measurement 
scattered through different publications and joamals. 
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association with the arterial pressure in 
much the same sense as when we 
associate it with temperature. We then 
signify a pressure which is habitually, 
or for var3ring periods, below the mean 
normal level of pressure furnished by 
the average of subjects of similar age, 
etc. Nature, however, by her adaptive 
mechanisms, prevents the arterial pressure 
from falling unduly, or to such an extent 
as to threaten life; and this fact may 
suggest a doubt as to whether the term sub- 
normal arterial pressure is admissible. It 
is believed that the corrective mechanism 
is brought into play through the reduc- 
tion of the normal cerebral blood- 
pressure in the erect posture setting up 
vaso-constriction, which stimulates the 
ventricle, when the arterial pressure is 
restored to a higher level. In this way 
the area of subnormal pressure is 
kept within very narrow limits, which 
are indeed quite insignificant when 
compared with those of supernormal 
pressure. 

Undoubtedly in certain diseases, such 
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as Addison's disease, there is subnormal 
pressure ; and when the vasomotor tone 
is very low — from whatever cause — the 
arterial pressure may remain for some 
time in the lowest area of physiological 
variation » 

§u|ftemoriiial Pressure. — ^When the 
systolic pressure is found to range 
persistently over 150 mm. Hg,, it may 
be said to be supernormal. But the 
essential feature of such a pressure is 
its persistency ; for in health the systolic 
pressure may quite temporarily rise as 
high as 180 or even 200 mm* Hg. — as 
under conditions of nervous excitement 
or perturbation. Therefore, before an 
observer can be fairly well assured as to 
whether the arterial pressure is raised 
or not, he should ascertain whether the 
alteration in pressure is persistent, or is 
only temporary, and should sedulously 
exclude nervous excitement in the sub- 
ject* The latter precaution is of prime 
importance ; and on account of it nothing 
in medical practice requires more tact 
and circumspection than the taking of the 
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arterial pressure. High readings — e.g. 

5 — =: — should be accepted at first 

150—180 D ^ 

with some hesitancy, especially when the 

pulse-rate is raised ; and the observer 

should always remember that when the 

peripheral resistance is increased, the 

influence of nervous excitement, however 

slight, becomes much more pronounced 

than when the distal onflow is normal or 

subnormal. Hence the pressure is, as a 

rule, more variable in the elderly than 

in the young. High apparently normal 

pressures, such as a persistent systolic 

pressure of over 14S-SS mm. taken within 

an hour before a meal, should, however, 

be looked upon as somewhat suspicious 

and requiring watching, especially when 

the diastolic pressure is raised from 10 

to 20 per cent. In subjects of over 50 

or 55 years of age such pressures should 

not be passed by in a routine way as 

normal They should be subjected to 

treatment; and then, should a lower 

level of pressure be attained, with an 

improvement in the general health and 
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well-being, it may be inferred that such 
moderate increments of pressure were 
not normal to the individual, and indicated 
pathological departures in the direction 
of supernormal pressure. It is important 
to detect such departures in thek initia- 
tory stages, for they are then readily 
impressed by treatment ; whereas, when 
left undetected, they are apt to increase 
slowly in a latent way^ month by month, 
year by year, and, without inducing 
any important warning symptom, may 
suddenly induce cerebral heemorrhage, or 
they may gradually develop secondary 
cardiac disease, etc, {see p. 135)* 

Some Chronic Ailments in which the 
Sectional Area of the Peripheral 
Circulation is apt to become 
Reduced. 

I will take my first illustrations of the 
value of clinical blood-pressure measure- 
ment from a group of chronic diseases, in 
which the common pathological features, 
variously combined in the different mem- 
bers of the group, may be said to be 
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(i) some bio-chemical alteration of the 
plasma or lymph, (2) degenerative changes 
in the peripheral vessels, and (3) hyper- 
plasia and contraction of the interstitial 
tissue, with obliteration of many of its 
small vessels and capillaries. So far as 
the circulation is concerned, the common 
outcome of these pathological changes is 
a less or more pronounced tendency to a 
rise in the arterial pressure, which is to 
be ascribed chiefly to a reduction of the 
sectional area of the arteries, and more 
particularly of the peripheral vessels 
(small arteries, arterioles, and capillaries) 
— a reduction which is effected first by 
narrowing of the arteries and arterioles 
by muscular contraction, then probably 
by shrinking of the large capillary bed, 
partly from obliteration of vessels and 
partly from contraction of the interstitial 
tissue, and finally by degenerative in- 
volvement of all the peripheral vessels. 
In this group we may include senility 
and pre-senility, the various phases of 
chronic rheumatism and chronic gouti- 
ness, the forms of arteritis and of 
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arterio-sclerosis, and chronic interstitial 
nephritis. 

Senility. — From 20 to 45 or 50 the 
arterial pressure does not, as a rule, 
undergo any appreciable variation; but 
after middle age (50) the radio-brachial 
arterial pressure, as a rule, shows a slight 
rise, the systolic pressure creeping up 
from, say, 120-5 ^o ^SO-Si and even 140; 
and if at 60 to 65 it does not exceed 
135-40, it may be regarded as fairly 
normal for that age. Meanwhile, the 
diastolic pressure will probably show a 
smaller increment, or may remain, as it 
often does, at 95 to 100 until quite late 
in life. 

The rise of the systolic pressure as age 
advances is due to the extra call on the 
ventricle from (a) a rise in the peripheral 
resistance from shrinking and obliteration 
of distal vessels (arterial, capillary, and 
venous), and {b) diminished elasticity 
in the central arteries. The heart thus 
maintains the normal capillary pressure 
required for carrying on the physiological 
work of the circulation. According to 
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my observation, so long as the arterial 
pressure in the third phalanx does not 

fall below -^-^ mm. Hg., or the venous 
45 D ^' 

pressure below 10 mm. H.g., it may be 
inferred that the digital capillary pres- 
sure is normal. The peripheral degene- 
rative effects of age manifest themselves 
in limitation of the normal variations 
in the distal blood-pressure, when the 
increments of tissue fluid associated 
with the physiological work of digestion, 
exercise, etc., become somewhat reduced. 
The scalpel reveals a marked difference 
in cutting through the cartilages of the 
elderly and the old, as compared with 
those of earlier life; the cartilaginous 
tissue being more rigid and showing 
evidence of the deposition of lime salts. 
The fibrous tissues are also more re- 
sistant — and this is exemplified in the 
toughness of the flesh of old animals. 
These and other similar facts point to 
the thickening and shrinking of the inter- 
stitial tissue, in which lies the meshwork 
of the capillary circulation, with the 
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probable deposition of early salts (cal- 
cium and magnesium carbonate and 
phosphate) in the areolar tissue spaces. 
Such tissue-changes will doubtless in- 
crease peripheral resistance, and wUl tend 
to raise the arterial pressure in the aged. 
But it must not be supposed that an 
increment in that pressure is a necessary 
result of age, even in the moderately old ;.J 
for quite old subjects are not infrequently 
met with in whom it is not apparent. 
There are probably two reasons whicbi 
may explain this fact. It may be due 
to delayed senility, which is far from 
oncommon ; and observation shows that, 
as a rule, a postponement of the normal 
senile increment of pressure is favourable 
to longevity (5^^ pp. 118-20). But there 
may be another cause why the arterialJ 
pressure does not rise with age — namely, 
an equable shrinking of the whole circula- 
tion—the heart, the volume of the blood, 
as well as the periphery, all being re- 
duced in the general involution. 

The following systolic pressures, when 
persistent, may be regarded as verging 
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on the pathological : 140 mm, at 40- 5 ; 
I JO mm, at S^-S j ^^ '^™' ^^ 60-70, 
and require watching and treatment. 
Atheroma of the accessible arteries, even 
though pervading them rather extensively, 
may have comparatively little effect on the 
arterial pressure, unless it also invades 
the thoracic aorta, or the terminal arteries 
and arterioles ; so that we may infer that 
a rise of the arterial pressure in the 
senile is not due so much to athero- 
matous thickening of the arteries of 
intermediate size as to the involvement 
of the centric and peripheral parts of 
the arterial system,* 

It frequently happens that the rise 
of arterial pressure in the senile and 
pre-senile depends^ in the first instance, 
largely on hypertonia of the peripheral 
arteries, and not so much on organic 
changes in the vessels, though these may 
eventually become predominant (senile 
arterio-sclerosis). In the hypertonic stage 

I Tlie reader will bear in mind thai when the brachial 
artcrios are thicJiened m tbe aged, the orml^t fumUbea a 
bifhisr reAding of the Arterisl prciaurc ihim the hsmo- 
diynainQmeter {stt py^ 114-199). 
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it is probable that we can do something 
by way of treatment to prolong life and 
to ward off future possibilities {see p. 170 
etseq.). The great aim is to raise the 
capillary pressure and to restore the normal 
working range of that pressure. 

I have obtained evidence to show that 
in the elderly the arterial pressure may 
be persistently high in the morning (e.g. 
8 a.m.)y whereas it may be quite normal 
or even low in the evening. Just lately 
a patient (cet. 76), who is able to read 
his own pressure accurately, has furnished 
me with an interesting night and morning 
record, from which I learn that his average 
range of variation in the systolic pressure 
extends from 130 in the evening to 
160 mm. Hg. in the morning, and that 
this type of variation is constant. In 
such a case it is obvious that no reliance 
can be placed on an observation made 
during the course of the day, and es- 
pecially during the latter half of the day. 

Chronic Rhenmatic aud Oonty 
Ailments. — Some three years ago Sir 
'Villiam Gowers, in an instructive lecture 
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on "Lumbago: its Lessons and Ana- 
logues,"^ grouped together the various 
forms of chronic rheumatism and gout 
under the common denomination of 
'' fibrositis/' or inflammation of the 
systemic fibrous tissue. This conception 
includes many painful systemic ailments, 
such as the varied group of muscular 
rheumatism (lumbago, pleurodynia, torti- 
collis, etc), periarthritis, unilateral or 
interstitial neuritis, and other stromatic 
affections of the systemic tissues^ which 
are commonly ascribed to a gouty state, 
either generated by the habits of life of 
the individual, or inherited. The seat 
of these troubles is the cellular or 
areolar tissue, which forms the bed of 
the tissue-lymph circulation. In this 
large • group of cases the peripheral 
circulatory mechanism is very frequently 
involved; but the alterations of blood- 
pressure met with are often com- 
paratively slight, and may easily pass 
unnoticed. It is frequently difficult, 

* Brit, M*d,JoHm.t zgcHi vol. i., p. xsj* 
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especially when the subjects are over 
fifty years of age, to estiniate how much 
of chronic rheumatism and chronic gouti- 
ness is due to senile or pre-senile fibrosis^ 
and how much of the circulatory disturb- 
ance may arise from the reflex efiect of 
pain on the arterial wall, or may be 
associated with the early stage of arterio- 
sclerosis. All these pathological con- 
ditions appear to me to be so closely 
allied and related to one another that it 
is futile to attempt to differentiate be- 
tween their effects on the periphery of 
the circulation. But notwithstanding this 
fact, blood-pressure observation is often 
not only interesting but valuable in the 
study of this group of cognate ailments ; 
frequently, indeed, affording a hint in 
regard to treatment and management. 
In some of these fibrositic ailments the 
proximal blood-pressure may not be ap- 
preciably disturbed. As a rule, however, 
there is certainly distinct evidence of 
hypertonia of the arteries, with moderate 
increments of arterial pressure ; but now 
and then we meet with a hypotonic 
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condition, with lowaing of the brachial 
pressure. Thus the manometer will often 
afford a useful hint as to treatment; 
for in the hypotonic form of goutiness 
we can afford to be somewhat more 
generous in regard to diet. 

In the hypertonic forms of goutiness 
there are generally observed indications of 
a lowering of the peripheral circulation — 
reduction of capillary pressure, of the 
exudation of tissue-fluid, and of the 
venous pressure — with a moderate rise in 
the proximal arterial pressure ; but in 
some cases the evidence of restricted 
variation in the capillary pressure with 
subnormal irrigation of the interstitial 
spaces is not associated with an appreci- 
able increment of the arterial pressure. 
On the other hand, cases are not in- 
frequently met with in which the capil- 
lary pressure is moderately high, and the 
exudation of tissue-fluid is large ; but 
the pressure and the exudation do not 
undergo much alteration under different 
physiological conditions. In both classes 
of cases the normal to-and-fro variations 
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of the capillary pressure and of the flow 
of tissue-fluid are greatly diminished ; in 
the one case there is a lowered capillary 
pressure, with reduction or absence of 
tissue-fluid, and in the other there is a 
less or more continuously raised capillary 
pressure with excess of that fluid. In 
both there is therefore one common 
feature — namely, diminished alternation ; 
and this is a condition which will restrict 
interchange between the blood and the 
tissues, and will favour the deposition of 
insoluble residua in the interstitial spaces. 
We know that such deposition does take 
place in the gouty, for that fact is patent 
in the gross and obvious form of con- 
cretions of urate of soda in and about the 
joints, in the fibrous tissues, such as 
peri-cartilaginous fibrous tissues and 
cartilages (external ear, alae nasi, tarsal 
cartilages). These tophaceous aggr^a- 
tions of uratic deposit are instructive in 
showing us that the precipitation takes 
place mainly in the fibrous tissue, which 
is the bed of the tissue-lymph circulation 
— an irrigation system, which is the most 
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languid portion of the circulatory appara- 
tus; and these obvious collections of 
sodic urate suggest that the same process 
of deposition, to which they bear witness, 
may take place in a diffused form through- 
out the interstitial tissue of the gouty, 
in a form so minimal and so evenly 
incorporated with the tissue as to escape 
recognition. The tophi may merely 
diflfer physically from such a generalised 
deposition, just as uric acid calculi differ 
from the delicate microscopic crystals of 
uric acid. The material deposited may 
be in a colloidal form and of neutral 
reaction.^ When in that condition it may 



^ We should remember, in regard to the retention er 
deposition of residuary products in the lymph spaces, 
that the blood strives for uniformity and purity. For 
example, when the kidneys fail in eliminating these 
materials, their passage into the lymph spaces takes 
place, and the chemical constitution of the blood is thus 
preserved ; this fact is proved in the case of sodium 
chloride (sm p. X79)f and it may be that there is a tissue 
retention of urates when the kidney is inadequate for 
their elimination. It is true that urates do not figure 
in the published analysis of Ij^mph ; but if they do not 
exist in the tissue-fluid, how can we account for the uratic 
deposits in the fibrous tissue ? It may be that they have 
not been detected in the lymph drawn from the thoracic 
duct, though they are present in the tissue-fluid, which 
cannot be analysed, 
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not cause local pain, or discomfort, or 
outward sign of its existence. But should 
the flow and ebb of lymph to and from 
the interstitial spaces become more active 
from any cause, this dormant, painless 
deposit may either become disturbed, 
or undergo chemical dissociation, with 
liberation of free uric acid or some irri- 
tant product. Subacute or acute attacks 
of gout may thus arise. The exciting 
causes of such attacks are numerous : 
according to my observation, the follow- 
ing, among others, play a leading rdle : 
mental emotion and excitement, physical 
and mental over-exertion and fatigue, an 
unusually heavy meal, the increased in- 
gestion of chloride of sodium {see p. 179 
etseq,)or of alcoholic stimulants (especially 
in the form of beer or wines), the partaking 
of certain articles of food, the toxaemias, 
an injury (however trivial, such as sprains, 
etc., in some cases), warm baths, a 
common cold, or influenza.^ Now, it is 



* I have frequently found that deep sleep may be fol- 
lowed by headache in gouty subjects. In sleep I have 
found the capillary and venous pressure high, and the 
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obvious that these causes are all varied 
in their character ; yet they present one 
feature in common. They are all power- 
ful stimulants of the peripheral circula- 
tion ; they all raise the capillary pressure 
and increase tissue irrigation. In the 
non-gouty they are harmless; but in 
the gouty they are risky, and may excite 
something more than their physiological 
effects. I am disposed to think that this 
difference depends on the character of 
the chemical residua retained or deposited 
in the tissue spaces. Urates are not 
poisonous or hurtful; for they may re- 
main in the fibrous tissue as harmless, 
painless tophi for indefinite periods. And 
I think it may be safely inferred that a 
generalised deposition of urates in the 
tissue spaces will be equally painless, 
unrecognisable, and dormant during many 
years, until it is disturbed by a rapid rise 



tiMue-Iymph circulation most copious ; and on awaking 1 
have observed that the distal congestion at once subsides 
and the ebb-tide of lymph is rapid. Should any toxins be 
formed in the interstitial spaces, they will, if soluble, 
be swept into the blood on awaking. 
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in peripheral irrigation, or is chemically 
broken up at the same time. May not 
some physiological product liberate free 
uric acid crystals from the deposited 
urate ? and I have found in the test tube 
that lactic acid, which is generated in 
muscular action, has this property. So 
it is not improbable that a chemical 
change in the plasma may be a precursor 
of acute gout, as well as the more active 
peripheral circulation. 

I have entered thus fully into the 
probable pathological change which takes 
place when the patient passes from a 
state of goutiness into that of an acute 
attack of gout, because it helps to explain 
the alteration I have sometimes observed 
in the peripheral circulation, either just 
before or during the attack — especially 
when this induced a fair amount of 
sjmiptomatic fever : namely, a much more 
active state of that circulation and of its 
addendum, the lymph circulation, with, 
as a rule, a fall in the proximal arterial 
pressure. But this alteration in the 
distal and proximal arterial pressure 
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readings in gouty subjects can take place 
only so long as the arteriettes and 
arterioles retain their vaso-motor activity, 
or at any rate a fair measure of it. This 
fact may explain the rarity of acute gout 
in well-developed arterio-capillary fibrosis; 
in fact, this condition of peripheral de- 
generation prevents some other ailments 
connected with vaso-motor variation 
from manifesting themselves — such as 
migraine and angina pectoris vaso- 
motoria. And I have sometimes thought 
that spasmodic asthma may clear up with 
the development of arterio-capillary 
fibrosis. Thus it would seem that nature 
may apparently cure an ailment by set- 
ting up another morbid condition. 

J^rterioHSderosis. — Clinically we meet 
with two leading forms of arterio- 
sclerosis : one in which the thickening 
of the arterial wall is less or more local, 
or is unequally distributed (nodular 
atheroma), and the other in which it is 
quite generally diffused throughout the 
arterial system (diffuse or generalised 
arterio-sclerosis). 
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The inequalities of nodnlar atherama 

are well recognised. They may be so 

local as not to appreciably raise the 
general arterial pressure, or to raise it 
but slightly, even though many of the 
accessible arteries (such as the temporal, 
radial, etc.) may be thickened. Hence 
we sometimes meet with cases in which 
there is apparently rather extensive arterial 
disease, and yet the subjects of it may 
live into good old age without developing 
the sequelae of arterial degeneration. 
But as a rule extensive atheroma is 
associated with a readily appreciable rise 
in the arterial pressure ; and I think it 
must be rare to meet with a case in 
which the brachial artery is felt by the 
finger to be distinctly thickened and cord- 
like without an increment in the reading 
of the systolic pressure being revealed 
by the armlet, and even in some cases 
by the haemodynamometer, which yields 
a lower reading {see pp. 50, 114, et se^.). 
According to my observation, atheroma is 
apparently often more advanced in the 
brachial than in the other arteries of the 
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limbs; for the armlet readings, identical 
in normal subjects in the arm and fore- 
arm, are as a rule higher in the arm. 
But this fact is open to another interpre- 
tation {see p. 123). 

In diAise or greneralised arterio- 
(M^erosis or arterio-capiUarjr fibrosis 
the accessible arteries may not be ap- 
preciably thickened, especially in the 
earlier stages of the disease, and yet 
the arterial pressure may be raised per- 
sistently and definitely. It would seem 
as if the disease begins more particularly 
in the terminal divisions of the arterial 
system — splanchnic and systemic, and 
especially splanchnic. In the initial 
stage of the disease the armlet and the 
haemodynamometer afford the same sys- 
tolic readings. In this stage the peripheral 
resistance is apparently due mainly to 
muscular contraction in the arterioles and 
arteriettes; for these readily respond to 
vaso-dilator remedies, and the increment 
of arterial pressure, which is not so high 
as it subsequently becomes, quickly sub- 
sides after each dose. In this hypertonic 
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stage, the stage of pre-sclerosis of 
Huchard, the diastolic pressure rarely 
rises above 120 mm. Hg. or so, and is 
often only no or 115 ; and the systolic 
pressure does not, as a rule, exceed 160 
mm. Hg., and is frequently only 145 or 
150; and the arteriometer demonstrates 
the contraction of the radial calibre and 
the favourable effects of treatment in 
dilating it {see pp. 238, 239). But as the 
disease advances organic changes in the 
arterial wall develop ; when vaso-dilators 
only partially relieve the pressure, and 
ultimately may fail to lower it. In this 
stage the accessible arteries — such as the 
brachial — as a rule become thickened, 
and the arterial pressure increases con- 
siderably; the systolic armlet readings 
advancing to such high figures as from 
200 to 260, while those of the haemo- 
dynamometer^ rarely exceed 200 mm. Hg., 
and are frequently somewhat less. 



^ When referring to the readings of the hsemodyna- 
mometer I include those of the compressed-air manometer 
furnished by the bulb mounted on a slide, for they are 
identical [see p. 52). 
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IHies ttalckeninir of the arterial 
i^all vitiate tiie armlet reading: f 

My observations have demonstrated to 
me that the thickened arterial wall in 
arterio-sclerosis has a greater effect in 
disturbing the accuracy of the readings 
of the arterial pressure obtained by the 
armlet method than is usually supposed ; 
the general impression being that it has 
but little efiect. It is true that V. Basch ^ 
and C. Martin* have experimentally shown 
that the excised sclerosed radial — even 
though sclerosed to a high degree — is 
closed by a comparatively low fluid pres- 
sure, such as 5 to 7 mm. Hg., whereas 
a normal radial is collapsed by a still 
lower pressure — in fact, a negligible 
pressure of i or 2 mm. But in practice 
I have obtained evidence which suffices 
to show that the difierence between the 
closing pressures of a normal and of a 
sclerosed arterial wall must be consider- 
ably greater than these figures suggest. 



* Op. eiL 

* Brii. M*d.J<mm.t 1905, vol. i., p. 866. 
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I have already pointed out that when 
the arterial walls are normal there is no 
appreciable difference between the read- 
ings of the systolic or occluding pressure 
in the arm and the forearm {see p. 55) ; 
but in cases of arterio-sclerosis I have 
frequently found that discrepancies of ro, 
20, or 30 mm. may be met with. More- 
over, the nominal differences (if any) in 
the readings obtained from the corre- 
sponding areas, when the arteries are 
normal, are apt to become pronounced 
when the vessels are sclerosed. 

Can we estimaie thickenfDif of 
tlie arterial wall!— But this is not 
the only evidence available to show 
that the armlet method may furnish in 
arterio-sclerosis an incorrect estimate of 
the actual arterial pressure. I have found 
the use of the hsemodynamometer by the 
side of the armlet method very instructive 
in studying the blood-pressure in arterio- 
sclerosis. I have shown (p. 49) that 
when the arteries are normal the systolic 
reading of the hsemodynamometer is 
identical with that of the armlet. But 
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I have observed that this agreement fails 
very frequently, if not invariably, when 
there is arterio-sclerosis of the brachial 
arteries — when, in fact, the arteries are 
felt to be thickened. In such cases 
the systolic reading of the armlet may 
exceed considerably that of the haemo- 
dynamometer ; and the pulse diminishes 
much more slowly during the last 30, 40, 
or 50 mm. Hg. of compression than when 
the arterial wall is normal. 




A B 

Fig. 6.— (After V. Ricklinghausen). 

A. The manner in which the normal artery is 
closed by compression, b. The manner in which 
the sclerosed artery is closed by compression. 

V. Ricklinghausen has suggested that 
a thickened or calcified artery may yield 
too high a systolic reading when deter- 
mined by obliteration of the pulsation 
beyond the armlet, because the vessel 
fails to collapse evenly as a normal artery 

8 
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does — the centre of the vessel collapsing 
readily enough, while a chink is apt to 
be left at each side, which is only closed 
under a much higher degree of com- 
pression (Fig. 6). This suggestion affords 
an explanation of my observations ; and 
these have shown that this want of uni- 
formity in the closure of the central and 
lateral portions of a sclerosed artery is 
not only found in a few exceptional 
cases, but is not at all uncommon in 
arterio-sclerosis. 

But this mechanical difficulty in closing 
a sclerosed artery does not apply to the 
haemodynamometer, which works on 
quite another principle. It balances the 
blood-pressure wave; and to do this 
it is merely necessary to overcome 
the resistance of the central portion of 
the sclerosed vessel, which has been 
shown to be nominal. 

The following are a few typical selec- 
tions from the discrepant figures furnished 
by the two methods in a considerable 
number of cases of arterio-sclerosis which 
I have lately observed. So far I cannot 
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say that I have met with quite identical 
readings in any case in which thickening 
of the brachial arteries was demonstrable 
by the finger ; though in some such cases 
it is true the differences were small, e.g, 
from 10 to 20 mm., but they were 
indubitable. 

The systolic pressure in mm. Hg. 
furnished by : 



Armlet. Hsemodynamometer. Difiference. 



270 


215 


55 \ 


255 


195 


40 


245 


185 


40 


240 


i6s 


75 


240 


175 


65 


230 


i8s 


45 


230 


175 


55 


220 


165 


55 


220 


160 


60 


215 


175 


40' 



I 

o 

i a 
'-9 a 



It will be observed that in this group 
of figures, though all the readings fur- 
nished by the armlet exceed 200 mm. Hg., 
only one of those yielded by the pulse- 
pressure gauge oversteps that figure, the 
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majority being much below it I have 
omitted from these selections two obser- 
vations which afforded the difference of 
105 (Armlet 260, Haemodynamometer 
155; A. 255, H. 150), because such a 
large difference is doubtless exceptional 
in arterio-sclerosis. My observations 
indicate that in commencing or slight 
forms of arterio-sclerosis the differences 
are small — from 10 to 20 mm.— but that 
in the fully developed or advanced stages 
they are much higher, reaching 40, 50, 
60, or 70, and even 100 mm. I have 
found that the comparative readings of 
the diastolic pressure are, as a rule, much 
less discrepant in arterio-sclerosis than 
those of the systolic pressure. Hence 
in this disease the armlet commonly 
furnishes a larger pulse-pressure range 
than that afforded by the haemodyna- 
mometer. 

The following systolic readings show 
that the armlet may afford supernormal 
figures in arterio-sclerosis, whereas 
those of the haemodynamometer may be 
'formal. 
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Armlet. Hsemodynamometer. Difference. 

215 140 75^ 

190 145 45 

180 135 45 

180 125 55 

175 140 35 

175 "5 50 

170 125 45 

i6s 135 40 

160 125 35 



o 



The systolic pressure may be com- 
paratively lour in arterio-sclerosis* 

Armlet. Hsemodjmamometer. Difference. 
150 115 35 

140 115 25 

130 "5 15 

120 105 15 

115 105 10 

Therefore, even when the armlet read- 
ings are low the thickened arterial wall 
may still be a disturbing factor (though 
less pronounced) in their production. 

Tiie coidoint use of tiiese two 
uiethods may reveal tiie begfinnin^s 
of arterio-sclerosis, as in the following 
case, in which the earlier readings were 
identical, whereas the later ones (after 
several months) became divergent. 
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Armlet* 



Arm. 


Forewm. Hi 


emodynaa 


130 


130 


130 


170 


160 


MS 


155 


MS 


13s 


150 


140 


130 



Vhe AflTcrential readinirs in •fphl- 
Utic arterio-sclcrosls. — ^Just lately I 
have found the conjoint application of 
these methods also useful in following 
the effects of treatment in a case of 
syphilis of four years' standing; the 
differential reading of 35 mm. being 
reduced by 24 mercurial inunctions and 
sulphur baths to 10 mm. 

Discrepant readingrs in tbc elderly 
(over 60) are quite common; and are 
indeed practically the rule after 70. They 
are generally associated with some rise 
of the arterial pressure, as determined by 
the method of balancing the pulse-wave 
by the haemodynamometer or the mano- 
meter-bulb; and in most cases this rise 
is quite moderate or even slight, such 

as -^^I — . But when this mode of 

II5-I20D 

observation shows that the pressure is 



ARTERIO'SCLEROTIC PRESSURE, II9 

not actually raised, or remains low, not- 
withstanding the detection of a moderately 
high reading by the armlet, I have ob- 
served that life may be prolonged much 
beyond the allotted span, with the retention 
of an exceptional degree of bodily and 
mental vigour. This fact is illustrated 
by the following readings afforded by five 
subjects, the youngest in her ninetieth 
and the oldest in his hundreth year. 

Hsemodynamometer and . , ^ 

manometer-bulb. 
A. (Recumbent, in her 90th year.) 



Rightside H2S ForeannI|2| Ann Ig^ 

, - ., noS 145 S 180 S 

Leftside. -^ „ -^ „ —^ 

B. (Recumbent, in her 93rd year.) 

Rightside 13S| Forearm ITSS Arml^oS 

* losD 125 D 130 D 

Leftside. 135S „ iHS 180S 

IO5D H5D " I27D 



C. (Sitting, in her 96th year.) 

ilSS Arm'- 

95D I 

115 S 190 s 



Rightside l^ Ann;-fiS 



Leftside. -^ „ „jo 
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Haemodynamometer and ArmleL 
manometer-bulb. atuucu 

D. (Recumbent, in his 98th year.) 



Rightside 1^ Forearm iZ^ Armi?^ 

* looD 120D 120D 

Leftside, i^ „ i^ „ ?2?S 
looD '* 115D " 120D 

£. (Recumbent, in his looth year.) 

Rightside i^ Forearm i^SS ArmiSSS 

* 82D 95D 95 D 

Leftside. I25S ,, HiS i3iS 

82 D " 92 D " 95 D 

In all the subjects the accessible 
arteries were thickened in variable 
degrees ; and in each case some arteries 
were decidedly more sclerosed than others. 
In all the subjects the brachial arteries 
were felt to be sclerosed, with a con- 
siderable diminution of their normal elas- 
ticity. In case E, in whom the arterial 
pressure was lowest, the indications of 
thickening and loss of elasticity were very 
much less evident. In none of the cases 
was the pulse hard to the finger ; in A, 
C, D, and E it was indeed quite as soft 
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as is usual in normal subjects in the 
middle period of life (40-60), and in E 
this feature was even still more pro- 
nounced, suggesting the soft pulse of 
20 or 25. In B the tactile resistance 
of the pulse resembled that usually met 
with about 60. In A, C, and D it 
was easy to define the heart's apex beat, 
which was well inside the nipple line ; 
in B it was just within it ; but in E it 
was not palpable, though the stethoscope 
indicated by the maximum apex sounds 
that it occupied its normal site. The 
second aortic sounds were not accentuated 
in any of the cases. Notwithstanding 
the development of the senile arterio- 
sclerosis to a fairly advanced stage and 
the high readings of the armlet in subjects 
A, B, C, and D, there was no evidence 
whatever of cardiac strain in any of 
these cases. I therefore hold that the 
low readings of the haemodynamometer 
and the manometer bulb in all the subjects 
— such readings being also uniform 
in all the accessible arteries — ^are con- 
sistent with the long life and well-being 
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of the patient, the soft and compressible 
state of the pulse, and the normal con- 
dition of the heart ; and that the higher 
readings of the armlet are quite incom- 
patible with these facts and are accounted 
for by the sclerosed state of the arteries 
of the arm. 

IdeiiticHi roadltiirs iu the af^ed are, 
however, now and then met with, even in 
subjects over 70 years of age^ as in the 
following examples, all well preserved for 
their years : — 

Ideiitical readings of the systolic pressure 
ivilh tlie armlet and hsemodynamometer. * 

135 

150,180, 13s 

140 

US 

125 

iSO|i35 
J50, 14s 
i4S,i4Si 140 
16s, 13s 

In nearly all these cases the armlet^ 
was applied to the forearm only, which 



Age, 



The ftgiirw refer to different c 
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has as a rule yielded lower readings 
in atherotna than the arm- Probably 
some disparity would have been detected 
by readings derived from the arm. 
Perhaps a small artery, hke the radial, 
when thickened may close more uni- 
formly under pressure than a larger 
one, such as the brachial, which may 
be more likely to leave lateral chinks 
(stf^p, 113). 

These elinieal stntliefi on the con- 
JaJnt use of the manometer sintl 
the hsemoilyiianiaiiieter have led me 
to conclude : 

(i) That in arterio-sclerosis and other 
pathological conditions of the circulation 
the use of the haemodynamometer suggests 
that the systolic pressure does not really 
often exceed 200 or 220, and probably 
does not overstep 250 mm, Hg» In a 
word, it would seem the normal arterial 
pressure is practically never more than 
doubled in the clinical field. 

(2) That the armlet method in arterio- 
sclerosis is of diagnostic value when it 
affords variable readings in the arms 



J 
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and forearms, and higher readings in 
these areas than those furnished by the 
manometer-bulb and the pulse pressure 
gauge. Further observation may show 
that atheroma yields more variable read- 
ings in the different areas than difiiise or 
generalised arterio-sclerosis. 

(3) That the lower reading furnished 
by the haemodynamometer in« arterio- 
sclerosis is frequently of practical value. It 
will be useful if it subdues the unnecessary 
anxiety which is apt to be engendered by 
some of the high figures yielded by the 
armlet It may likewise exert a salutary 
influence over treatment ; for it may, for 
example, indicate a normal or compara- 
tively normal pressure underlying an 
apparently supernormal one, or it may 
suggest the use of cardiac tonics, though 
the pressure may seem high enough 
according to the armlet. Moreover, the 
lower reading may explain some clinical 
incongruities, such as the absence of the 
sighs ot cardiac stress and the main- 
tenance of well-being in spite of a 

^mingly high pressure, or the super- 
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vention of circulatory failure inconsistent 
with such an apparent pressure. 

(4) That when the arterial wall is 
normal the readings of the pressure 
furnished by the armlet are trustworthy 
enough ; but when it is much thickened, 
their value as determinations of blood- 
pressure are somewhat impaired. 
. Testing of tbe Arterial ITall. — In- 
spection and palpation of the accessible 
arteries may throw light on the patho- 
logical condition (thickening), and for 
this purpose digital examination of the 
brachial arteries should not be neglected 
in all cases of suspected arterio- 
sclerosis. On extending the elbow, the 
artery, when sclerosed, is felt to be 
thickened, can be rolled under the fingers 
against the humerus ; and the vessel may 
sometimes curl up on flexing the elbow — 
this curling indicating a diminution or 
loss of its rubber-like elasticity. When 
the wall of the artery is in an advanced 
state of thickening or is calcified, the 
fingers of course easily define the contour 
of the vessel; but when, in the early 
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Stage of the disease, the thickening is 
slight, the detection of it may require 
some skill and delicacy of touch, which 
are only acquired by somewhat prolonged 
practice in this mode of observation. The 
observer will best acquire the necessary 
tactile ability by first of all learning to 
define the wall of the normal brachial 
artery ; and then he will gradually acquire 
the skill to detect the early , stages of 
thickening. 

The physiological play of the arterial 
walls is best tested by administering 
a dose of a vaso-relaxant (such as 
a tabloid containing y^ gr. of tri- 
nitrine, or 2\ gr. of sodium nitrite), and 
observing the efiiects on the arterial 
and venous pressures, which develop in 
the course of ten minutes or so. It is 
easy, as a rule, to observe the efiect 
on the pressure derived from the last 
phalanx of the finger or thumb. In a 
normal state of the distal arteries, the 
pressure rises, when the fingers are warm, 

from 30 to 40 mm. Hg. {e.g. from ^ 
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to — g — ^). Should the reaction be 

greatly reduced {e.g. to half, or to a third, 
or even less), we may conclude that the 
peripheral vessels are invaded by organic 
disease. In some cases I have failed to 
obtain any response. 

In case the phalangeal reading is not 
available, the reaction may be studied 
in the brachio-radial area. Should the 
pressure there fall 20-30 mm. Hg., and 
the venous pressure rise, we may, I 
think, infer that the distal vessels (and 
especially the splanchnic) are as yet 
not seriously invaded ; but should it 
fail to fall, or should it fall to a less 
degree, their organic involvement may 
be suspected. 

In this way, as it seems to me, the 
manometer may enable us to trace the 
transition from the responsive to the less 
responsive or even the non-responsive 
stage of the disease ; and to gauge the 
nature of the peripheral resistance — 
whether muscular or organic, or both. 
. ArtcriometriG Obsemttlon of the 
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Radial Arterjr in ArteriOHM^lerosis. — 

For over twelve years past I have found 
the arteriometer (see pp. 130 and 138) of 
some service in the study of atheroma 
and arterio-sclerosis, especially in afford- 
ing evidence of oi^anic changes in the 
walls of the middle-sized arteries; the 
radial calibre being, as a rule, reduced, 
and the postural variation of it either 
failing to occur, or being greatly restricted 
in range, in proportion to the rigidity 
or loss of elasticity in the vessel wall. 
The arteriometric study of the radial 
shows that the arterial wall may pass 
through three stages in diffuse arterio- 
capillary fibrosis — namely : (i) muscular 
contraction of the calibre, (2) reduced 
arterial calibre from organic changes 
(chiefly), and (3) increased arterial calibre 
from passive dilatation — the distending 
effect of the high arterial pressure on the 
arterial wall being no longer resisted by 
adequate muscular contraction. 

Chronic interstitial nephritis pro- 
vides us generally with higher readings 
than are usually met with in most other 
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,. . - 220, 260-280 S 

diseases; ranging from — to — ^- — =-. 

In this disease the haemodynamometer will, 
however, afford systolic readings from 50 
to 70 mm. lower than those of the armlet 
This fact is well illustrated by the fol- 
lowing readings afforded by an extreme 
case: 

Haemodynamometer and Armlet 

manometer bulb. 

210 S 300+ S 

155 D 175 D 

In this case the brachial arteries were 
much thickened, and the difference between 
the systolic readings of the two methods 
furnishes a measure of the arterio- 
sclerosis ; and the reading of the haemo- 
dynamometer and the manometer bulb 
indicates the high arterial pressure. 
Blood-pressure measurement is most valu- 
able in routine clinical work in enabling 
one to pick out cases of contracting kidney, 
which otherwise are apt to pass unsus- 
pected. It must not, however, be inferred 
from this remark that excessive pressures 
— though observed in the majority of 

9 
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they are generally normal or even 
subnormaK 

Diseases of the Heart. 

Blood - pressure measurement as a 
clinical method is not so useful in the 
study of uncomplicated heart diseases 
as in that of diseases which implicate 
the periphery of the circulation. There 
is only one valvular disease — namely, 
aortic iiiinfllciency^ — in which we can 
at present say (in the absence of arterio- 
sclerosis when the armlet is used) that 
such measurement affords distinctive aid 
in diagnosis and in estimating the extent 
of the disease; the arterial pressures in 
all other forms of uncomplkated primary 
cardiac disease are generally normal and 
never subnormal (Starling).' I emphasise 
the words ''uncomplicated" and "primary" 
because the complications of primary heart 
disease, such as arterial disease, renal 
complications^ the excito - vaso - motory 
effects of dyspnoea and of mental anxiety, 

'■ ** ObAervAtfoni on the Arterial Blood-prcssura in 
Heart Diietfte," by Hubert J. Smrling, M.D- Lond.j etc, 
Tk4 Loncttf volt ii>i i9o6> 
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comprise the various pressure conditions 
of secondary heart disease, and these 
include the factor of increased peripheral 
resistance, which is, indeed, the primary 
pathological factor. We are, however, in 
need of more extended information than 
we possess concerning the arterial pres- 
sures in simple valvular diseases produced 
by acute endocarditis. 

In aortic insnfficiency all observers 
are agreed that the distinctive features 
of the arterial pressures are (i) a low 
diastolic and (2) a relatively high systolic 
reading, an example of an average 

formula being 7^^ . The range of pulse- 
pressure {i.e. the difference between the 
minimum and maximum pressure of each 
pulsation) is always much above the 
normal ; for example, whereas the range 
in health varies from 25 to 40 mm. Hg., in 
aortic insufficiency it is rarely less than 60 
or 70, and is often as high as 80 or 90 mm. 
Hg. I have myself observed 95, or over 
^25 per cent, of the diastolic pressure in a 
use presenting a very pronounced lesion. 
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In double aortic disease, and in aortic 
disease conjoined with mitral, it is often 
difficult to estimate the part played by the 
aortic insufficiency, or the degree of it. 
In such cases the readings of the pres- 
sures, which afford the pulse-pressure 
range, become a manometric measure 
of the aortic leakage. Hensen ^ and 
Janeway* have observed that the systolic 
pressure in aortic disease is very fluctu- 
ating without obvious cause, and my 
observations confirm this teaching. 

Competency and failin§: com- 
petency. — In competency we have a 
fairly normal pressure gradient from 
the arteries to the capillaries and the 
veins; that is, from the high arterial 
pressure to the reduced capillary and 
the still further reduced venous pressure. 
In failing compensation this gradient 
becomes less steep, for the venous and 
capillary pressures rise to relatively higher 
levels, until, in fact, the capillary pressure 



* Dfuiuh, Arch,/, klin, Mtd,, 1900. 

* Th€ Cimical Stutfy of Blood'pnsaHrw, New York and 
London, i904t p. 198, 
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may relieve itself in exudation (ascites or 
oedema).^ Starling* believes that vaso- 
constriction is the first effort made to 
correct the cardiac inefficiency by thus 
inciting the ventricle to restore the out- 
put to its previous amount, and that the 
constriction in the splanchnic area leads 
to the increased uptake of fluid from 
the alimentary canal, and thus induces 
plethora, which with increasing failure 
of the heart-muscle overloads the veins 
and capillaries. 

An early sign of failing competency is 
not only an irregularity in the ventri- 
cular rhythm, but a marked irregularity 
of the systolic pressure of the individual 
pulsations ; so that in measuring the 
systolic arterial pressure, successive ad- 
ditions to the pneumatic pressure in the 
armlet will filter out varying proportions 
of the pulsations, until at last there 
remain but a few scattered pulsations, 

* In the production of oedema there is a not improbable 
factor which we may lose sight of, namely, the rifling^ effect 
of extra pressure on the cement between the endothelial 
cells of the capillary wall, which may permit of filtration 
under a comparatively low pressure. 

■ Op. cit. 
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to balance which a fairly high pressure 
is needed. If, therefore, in such cases 
we take the mean between the pressure 
required to obliterate some of the feebler 
beats and that necessary to annul the 
strongest, we may obtain a reading of 
the systolic pressure somewhat lower 
than that which was furnished by the 
ventricle when it was competent; and 
the figure thus obtained is a measure of 
the incompetence. 

The relation between the arterial pres- 
sure and dilatation of the ventricle 
requires further study. The common ex- 
planation is that dilatation is the mastering 
effect of intra-ventricular pressure over 
a weakened state of the ventricular wall. 
If that were so, the dilatation results 
from the residuum of unexpelled blood, 
which grows larger in proportion to 
the diminished contractility. Dr. James 
Mackenzie^ contends that we may have 
a thin-walled ventricle contracting and 
expelling its contents well, until it may 

* " A Preliminary Inquiry into the Tonicity of the Muscle 
fibres of the Heart," Brii, Mtd, Jaufpt,, 1903. vol. |L 
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actually rupture, without dilating ; or we 
may have dilatation of the left ventricle 
with low intra- ventricular pressure, as in 
mitral stenosis. He traces dilatation to 
a depression of the function of tonicity — 
one of GaskelFs five cardinal properties 
of the myocardium (rhythmic! ty, excita- 
bility, conductivity, contractility, and 
tonicity). Probably this view is correct 
in primary cardiac disease. Tonicity may 
be so low that dilatation may take place 
when the intra- ventricular pressure may 
be presumed from the arterial pressure to 
be normal or even subnormal, as in acute 
infectious fevers and in the anaemias. 
But apart from such cases and from 
primary cardiac disease, my observations 
of the arterial pressure show as a rule 
that there exists a relation between the 
peripheral resistance and the dilatation. 

A ventricle of normal tonicity resists 
dilatation from increasing peripheral re- 
sistance, and gradually becomes h3rper- 
trophied ; later on it may, however, dilate 
in proportion to its failing tonicity. We 
have then developed the ^eeandnry 
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dUatatiofi of peripheral origin, as in the 
later stages of Bright*s disease and 
arterio- sclerosis. At the same time it 
should be borne in mind that the systolic 
arterial pressure afforded by the armlet 
will very frequently remain high, though 
the ventricle is dilating, I have also 
met with several cases of primary dila- 
tation of peripheral origin ^ in toneless 
and aneemic subjects, and especially in 
women of middle or late middle life, 
in whom the arterial pressure was only 
moderately raised. The early detection 
of such cases in their recoverable stage 
is important ; and then the manometer 
is most useful in following out the treat- 
ment directed to relieve the embarrassed 
peripheral circulation, and at the same 
time to tone up the myocardium. 

Diseases which induce Deficient Oxy- 
genation (Cyanosis) and Overloading 
or THE Venous System, 

When the venous pressure is raised by 
an embarrassed pulmonary circulation, 
as in attacks of bronchial ascluua, in 
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the dyspnoea produced by empliyseBUi, 
cardiac disease, etc., the capillary 
pressure is also raised; and in conse- 
quence of the increased peripheral resist- 
ance thus set up, the arterial pressure 
becomes as a rule markedly supernormal 
(yielding systolic readings of from i8o 
to over 200 mm.). When the cause is 
temporary, as in uncomplicated bronchial 
asthma, the supernormal pressure gene- 
rally falls, sometimes becoming even 
normal, in the inter-paroxysmal periods; 
but when the cause is persistent, as in 
emphysematous, cardiac, and cardio-renal 
cases, the high arterial pressure remains, 
is not much modified by treatment, and 
is necessary for well-being {see p. 221). 

Some Nervous Diseases. 

JflelanchoUa and Urania. — It is now 

generally agreed among alienist observers 
that in melancholia the arterial pressure 
is high, the rise being proportionate to 
the mental anguish, though high in some 
cases with stupor; and that in acute 
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mania the pressure is low, and especially 
so after the subsidence of an outbreak. 

InsiraBiiia. — The manometer often 
affords a useful hint as to the treatment 
of insomnia. It shows that in certain 
cases there is a hypertensive state of 
the circulation, such as obtains in hyper- 
tonic goutiness, when vaso*dilators are 
indicated, and are often alone most useful 
in favouring sleep; and that in other 
cases hypotonia with splanchnic stasis 
obtain, when treatment by agents which 
tone the arterioles (systemic and splanch- 
nic) will frequently restore the sleeping 
power. 

Nenrasthenia. — According to my ob- 
servation, the prominent features of the 
circulation in neurasthenic subjects are 
a subnormal reading of the systolic and 
diastolic pressures, with evidence of 
splanchnic stasis. There are, however, 
neurasthenics with vascular changes, and 
in them the arterial pressures, especially 
those afforded by the armlet, are raised. 

In epilepsj the pressure is, I believe, 
as a rulei normal or rather subnormal^ 
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and is certainly not high in the inter- 
paroxysmal periods, or even just after a 
paroxysm ; and this fact may be occa- 
sionally of importance in diagnosing 
between epilepsy and uraemic coma, in 
which the arterial pressure is persistently 
very high. It is a mistake to suppose 
that nervous affections necessarily produce 
high arterial pressure. 

Raynaad^s Disease, notwithstanding 
its vaso-constrictive nature, does not, as 
a rule, produce a rise in the arterial pres- 
sure. This negative effect on the blood- 
pressure is doubtless explained by the 
limitation of the peripheral arterial con- 
striction to a finger or a few fingers or 
all the fingers, and by the absence of 
splanchnic vaso-constriction, which is an 
important factor in maintaining super- 
normal arterial pressure. 

Paiufnl affections {e,g, neuralgia, 
migraine, angina pectoris, colic) all tend 
to raise the arterial pressure by inducing 
vaso-constriction. In angina pectoris 
the arterial pressure during the inter- 
paroxysmal periods will of course be 
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lower than that which obtains in the 
paroxysms. My observations, made in 
the quiescent intervals, dispose me to 
think that the relation between a per- 
manent rise in the arterial pressure and 
the severity of the angina is less definite 
than is usually supposed. In angina 
vaso-motoria the pressure may be normal 
or only slightly in excess of normal ; but 
in angina gravior, in which we have the 
cardio-vascular innervation of angina less 
or more complicated by cardio-vascular 
organic changes {e.g. coronary atheroma 
and its secondary cardiac degenerations — 
fatty, fibrous — aortic disease), the rise in 
the arterial pressures is generally quite 
moderate — eg. from 15 to 25 per cent — 
though it may reach the upper ranges, such 

as ^ ^ , which are about the highest I 

have observed in this type of the disease. 
The manometer is generally much more 
useful than the finger in helping us to 
definitely differentiate between angina 
vaso-motoria and angina gravior. James 
Mackenzie has shown that the pulsus 



142 CUNICAL HJEMOMANOMETRY. 

altemans, or alternating action of the 
heart — which, according to F. B. Ho£fmann 
and Wenckebach, indicates exhausted 
contractility of the cardiac muscle — is 
always associated with the symptom- 
complex of angina pectoris. He therefore 
regards angina pectoris as evidence of the 
impairment of the function of contractility. 
He does not think that arterial pressure is 
a guide to the condition of contractility.^ 

In glaacoma there is sometimes 
hypertension of the arterial system as 
well as of the eyeballs. 

In tinnitiis the arterial pressure may 
be raised, when the vaso-dilators may 
prove useful remedies in relieving this 
troublesome symptom. 

HiEMORRHAGE AND ANEURYSM. 

Cerebral Haeinorrha8:e (Apoplexy).^ 

* Brit. Med, Joum., 1905, vol. ii., pp. 846-7. 

'In estimating the prognostic value of the arterial 
pressure in regard to the possible occurrence of apoplexy, 
the observer should check the armlet reading by that 
of the haemodynamometer or manometer bulb ; the latter 
reading being frequently, according to my observation, a 
closer rendering of the actual arterial pressure than the 
former. It is the pressure underlying the arterio-sclero- 
ais, which in such a case as this is of prime importance. 
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— Large cerebral haemorrhages which 
produce symptoms of compression of the 
medulla (coma, slow pulse, and stertorous 
or Cheyne-Stokes breathing) set up ex- 
tremely high armlet readings of the sys- 
tolic arterial pressure (280-300 mm. Hg.), 
even higher than those which have been 
observed in uraemic coma. In such cases 
the manometer enables the observer to 
recognise the rising pressure of the early 
stage, the fully developed pressure of 
the highest degree of compression of the 
medulla, and the falling pressure of the 
terminal stage of apoplexy ; it helps him 
to estimate the degree of that compres- 
sion, and affords him an idea of the extent 
and site of the lesion (a clot in the anterior 
having a smaller compressing effect than 
one in the posterior fossa).^ Cook and 
Briggs have published a striking case in 
which the surgical evacuation of a large 
clot reduced a pressure of 360 mm. Hg. 
to 130 in twenty minutes, the pressure 
gradually settling to its normal (165 mm. 

» Janeway, op. ««., p. %^ 
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in an arterio-sclerotic patient) within tn 
hours after the operation.* 

Recurrent Eplsta^ii^ in subjects of 
over fifty years of age is, of course, of 
greater clinical significance when the 
arterial pressure is raised than when it 
is normals Hence man o metric observa- 
tion is useful in such cases^ either in 
suggesting early treatment for the hyper- 
tonic condition, or in allaying unnecessary 
anxiety as to future eventualities whei^^ 
the pressure is normal* ^f 

Pulmonarj^ Hiemarrhage. — There 
is some uncertainty as to whether hsemop- 
tysis is preceded by a rise of arterial 
pressure ; and we are in need of observa- 
tions on this point in phthisis. There is, 
however, one thing quite clear — that it 
is inadvisable to prescribe remedies in 
haemoptysis which contract the splanch- 
nic arterioles, such as adrenalin, ergot, 
digitalis, veratrine, barium, lead ; remedies 
like subcutaneous morphia, subcutaneous 



* "Clinieal QbMnfationa oa BLood-prefliure/' by H. W» 
Cook uid J, B, Brigrs. Jokm Hopkms Hasp. Rt^.^ tgo^. 
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calciuin chloride (gr i-ii)^ and the nitrites 
(amyl nitrite, trinitrine) being prefer- 
able;! 

ITiEiiisiteiiiii^ii* — IIieiuoiTtioidal 
II mm or rli aires. — A hypotonic state of 
the vessels will favour haemorrhage from 
the abdomen ; so that when the mano- 
meter indicates low arterial pressures, 
remedies which contract the arterioles 
(splanchnic and systemic) are indicated, 
such as adrenalin, ergot, lead, etc. 

Blood -pressure measurement is also 
useful in estimating the hypotonic eflTects 
of large haemorrhages and the responsd 
to treatment, 

Anearjsiii. — The production of aneur- 
ysm is less dependent on the general 
arterial pressure than on some lesion in 
the arterial wall, causing local weakness, 
Williamson finds the pressure in most 
cases of aortic or innominate aueurysm 
is either normal, or but slightly above 



^ " Some Consideralio&fl on the Treatment of latem&l 
H6emoTrh»gc by the Use of Dnie:s,'* by N. E. Dixon ^ 
It.D., Lamgt, 1906, p, S96; see also *' Vaao-diUtation is 
HzDiciptyiis/' by K. Temple Smitb, M,fi., etc,^ Btif. M*d. 
fount. t 1906, vol* L, p* 917- 



146 CUNICAL HJEMOMANOMETRy. 

normal; whereas in mere dilatation of 
the aorta it is much higher.^ 

Perforation in Gastric and Duodenal 
Ulcer. 
nramometiic Observation in tlie 
Diag^nosis of Perforation. — It is, of 

course, well known that when perfora- 
tion takes place, the observer relies 
on the general and local symptoms for 
guidance in view of surgical interference ; 
but it has not infrequently happened that 
such evidence was insufGcient, for on 
exploring the abdomen perforation has 
not been found.* The manometer in 
several cases of actual perforation having 
revealed a rapid and decisive rise in the 
arterial pressure, it becomes now a ques- 
tion of some practical importance to resort 
to manometric observation in cases of 
apparent perforation, before deciding on 
operation; and it is to be hoped that future 
experience will demonstrate the usefulness 
of this additional aid to the diagnosis. 

' Tht Lancet, vol. ii., 1907, p. J5i6» 

' Several cases of this kind are referred to by Dr. A, 
Mantle in Tht Lancet, vol. i., 1906, p. X039. 
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Some Chronic Wasting Diseases. 

Tnberenlosis, as a rule, provides 
us with low readings of the arterial 
pressures, indicative of toxaemia and 
malnutrition. 

Diabetes, per se, does not appear to 
me to materially affect the blood-pressure, 
except, perhaps, when there is much 
emaciation or acid intoxication, the pres- 
sures then being subnormal, as a rule. 
Of course, when diabetes is associated 
with chronic nephritis or arterio-sclerosis, 
the arterial pressures are supernormal. 

Anaemias, whether primary or second- 
ary, are associated with subnormal pres- 
sures, except, of course, when anaemia is 
secondary to kidney disease. 

Addisom^s Disease. — Since adopting 
the fluid manometric method, I have not 
had an opportunity of observing the 
systolic pressure in Addison's disease. 
The general experience of observers 
testifies to the existence of low systolic 
readings in this disease. In some re- 
ported cases the pressure records have 
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been extremely low : for example, Rendle 
Short observed in one case from 75 to 
85 mm» Hg- — the lowest systolic pressure 
he had encountered in any disease persist- 
ing for any length of time. This observer 
found the sphygmometer as important 
a register of progress in Addison's , 
disease as the thermometer is in enteric \ 
fever,* 



Acute Febrile Diseases. 

Any clinical method should be welcome 
which will give us early warning of the 
approach of collapse in the course of 
acute febrile diseases, such as typhoid 
fever, diphtheria, influenza^ pneumonia, 
etc. Manometric observation has cer- 
tainly afforded some promise in this 
direction, providing we record the read* 
ings of arterial pressure regularly, just 
as we do those of temperature, pulse- 
rate, etc.^ After an initial drop of 

" Th* Laticeft toI. it,, iQofij p. ^$. 

* Fgt this purpose, H. K* Lewis, 136, Gower Street, W.C, 
haj arranged an excellent chtLtl is which mmy be entered 
the puiie-rate in black, tbe ayaloHc preaBiue in red, ud 
the di«Btotic preBaure in bJa«. 
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15-20 mm. Hg. of the systolic pressure, 
a progressive fall to a similar extent 
should warn the observer of increasing 
cardio-vascular asthenia, and suggest the 
adoption of increased stimulation. 

In diphtheria the study of the systolic 
pressure is important, especially in the 
second or third week and during convales- 
cence, when there is frequently a drop 
in the frequency of the pulse, and there 
is also other evidence of dilatation due to 
granular and fatty degeneration of the 
myocardium. Low-pressure readings are 
the rule in diphtheria ; and a marked fall 
of pressure— due to the absorption of 
toxins — suggests a bad prognosis. When 
albuminuria supervenes the pressure rises. 

In typhoid fever, Crile,^ Cook and 
Briggs,' and others, have shown that the 
arterial pressure becomes subnormal in 
the first or second week, and gradually 
more so in the third and fourth weeks : 
115-20 mm. Hg. systolic pressure falling 



* Joum, ofAmtr. Mtd. Ass,, 1903. 



150 CLINICAL HjEMOMANOMETRY. 

to 1005 at the end of the febrile period ; 
that haemorrhage produces a rapid and 
decisive fall, though it is preceded for 
several days by a rise (Carri^re and 
Dancourt) ; and that perforation or an 
inflammatory complication (peritonitis, 
pneumonia, etc) causes an equally sharp 
rise, especially in the systolic pressure,* 
Myocarditis with increased arterial tension 
is common in typhoid fever ; and the 
manometer is valuable in putting the 
observer on the track of this and other 
intercurrent complications of the disease. 
It is important to watch the restoration of 
the arterial pressure during convalescence. 
In piieiinioiiiiti Gibson^ has observed 
that a sudden rise of arterial pressure 
before the crisis means some complica- 
tion ; and acute delirium is often the 
immediate sequel to a rapid rise of 



* In four ca9« Hucfaud utd Arablird (iSn^. dt Mdd.^ 
July ]0| 1907) obaerved that int€9tinAl hvniorrha^ &»d 
pedbrHtjon were preceded by a traniiejit sudden riie of 
jurtedal tension, foS lowed by low tersion and quickened 
pulie with H bruit in the l^rat cardiac toand. 
Brit, Mtd,JoMnt.f vol. ii., igo&i p. ygg. 
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pressure ; while a sudden fall of pressure 
should warn us of the immediate risk of 
cardiac failure. 



Intermittent or Variable Arterial 
Pressure. 

Periodical Inerf^meiits ol Arterial 
Pressure, — Now and then certain indi- 
viduals are met with, generally unstable 
in the vaso-motor system^ or gouty in 
type, of fifty or over fifty years of age, 
in whom a supernormal radio-brachial 
pressure will prevail for a time — may be 
for a few days or weeks or more — after 
which it will subside to a normal, or may 
even fall to a somewhat subnormal pres- 
sure, again rising and falling for similar 
though varying periods. Such periodical 
increments and subsidences of arterial 
pressure seem to depend on recurrent 
tightening up followed by slackening of 
the splanchnic and systemic arterioles and 
small arteries, due to some biochemical 
cause. They are very common about the 
climacteric period, and for some years 



152 CLINICAL HMMOMANOMETRY. 



afterwards ; and are apt gradually to 
merge into the progressive supernormal 
type. I have observed that in the years 
immediately following the menopause, 
chronic gout and arterio-sclerosis are apt 
to develop ; and this happens more par- 
ticularly in those subjects in whom flush- 
ings and perspirations were in abeyance, 
or are less troublesome than usual^ during 
the climacteric period. 

Acce§«ioii^ of Arterial Pressnrc^ in 
the Senile. — Occasionally similar recur- 
ring periods of heightened arterial pres- 
sure are met with in the elderly, more 
especially when the middle-sized arteries 
are atheromatous. Such accessions of 
arterial pressure in the aged show that 
the peripheral mechanism for varying the 
arterial pressure is still responsive, and 
perhaps all the more effective in raising 
that pressure because of the rigidity of 
the arteries; and they are generally 
associated with mental dulness, slowness 
and heaviness after meals, are menacing 
to life, and require prompt evacuant treat- 
ment, reduction in the bulk of the meals^ 
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restriction of the nitrogenous foods, and 
withdrawal of alcohol. 

I have also observed in the senile, with 
a decidedly diminishing and delicately 
balanced excretory output, a great liability 
to instability of the arterial pressure. In 
such cases the pressure for varying 
periods may be quite moderate or even 
low; and then, without very obvious 
cause, it may run for several days or 
weeks on a much higher level. 

A low arterial pressure is a con- 
tribnlinig factor in certain patho- 
logical conditions : as in cerebral 
thrombosis (arterial and venous) and 
hepatic inadequacy. In one case 
(fl?/. 76) in which I suspected the existence 
of arterial thrombosis in a non-motor area 
of the brain, the blood-pressure afforded by 
the haemodynamometer was low, whereas 
that yielded by the armlet verged on the 
supernormal ; the divergent readings and 
the symptoms suggesting atheroma, which 
may have been more advanced in the 
cerebral arteries than elsewhere. In this 
case, in which there was no renal disease 
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or paralysis, the mental obfu scat ion was 
at first intermittent — there being clarified 
intervals \ then it became remittent ; and 
finally it merged into coma, in which the 
patient died. Such a case, though com- 
paratively rare, is now and then met 
with in subjects well advanced in years. 
We know also that a low arterial pressure 
is not consistent with functional activity ; 
hence a lowered pressure in the hepatic 
artery — e.g. from undue storage of blood 
in the veins (especially splanchnic), or 
from diminished tone and contractility of 
the heart muscle — may favour inadequate 
action of the liver. 



The MoDrFYiNG Influence of Composite 
Pathological Conditions on the 
Arterial Pressure. 



Hypotensive €oii<lJtian§ moilifyiii^ 
Snpertioriual Ai*terlai Pressure* — 

The qualifying eflfect of different com- 
binations of pathological conditions on 
the arterial pressure should be kept in 
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mind. For example, a disease like chronic 
interstitial nephritis, though furnishing us, 
as a rule, with high readings — ^indeed, 
some of the highest met with in the ordi- 
nary course of work — ^may now and then 
present us with pressures considerably 
lower than that which characterises the 
average case. Some condition which 
tends to diminish arterial pressure, such 
as anaemia, debility, a failing ventricle, 
the presence of bile in the blood, may 
modify the supernormal pressure of 
nephritis. Hence the lower arterial 
pressure sometimes met with when the 
cirrhotic kidney is associated with a 
cirrhotic liver. Phthisis, too, tends to 
produce a lower range of pressure in 
otherwise hypertensive conditions of the 
circulation ; and it is, as a rule, a favour- 
able indication in phthisis when the 
arterial pressure becomes somewhat 
supernormal. Intercurrent fibrile attacks 
are also, as a rule, hypotensive, and 
conduce to a temporary lowering of the 
arterial pressure when it is supernormal 
at ordinary times. 
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The Inline itce of Piil^e-mte* — The 

pulse-rate, too, may modify considerably 
the arterial pressure in disease; though 
its influence in this respect is, as a rule, 
less marked in the normal subject May 
not a slaw |inls«-i*at« or l^radf- 
enrdia in card io- vascular cases be 
frequently corrective in its tendency, 
preventing the higher level of arterial 
pressure with its increased strain on the 
arterial wall, which the normal pulse - 
rate might induce ? In that curious con- 
dition^ |iaro]iyi»nia] tacliycardin, the 
pathology of which is so obscure, it 
is, I believe^ generally supposed that a 
low arterial pressure prevails. But I 
have met with more than one case in 
which I have observed distinctly high 
diastolic and systolic pressures, e.g. 

'' a light subject with normal 

iioS 



readings of 



-^r between attacks), and 

a low distal pressure ; pointing to a high 
degree of temporary peripheral resistance 
and an increased ventricular output* In 
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tachycardia it is not improbable that 
the aggregate output of the ventricle is 
increasedi though that of each systole is 
subnormal. Hence the rise of arterial 
pressure which even slight peripheral con- 
traction may induce during the paroxysms. 

Accessions of pulse-rate will doubtless 
have a greater effect in raising the arterial 
pressure when the arteries are tightened, 
or atheromatous, and especially athero- 
matous with retention of normal arteriolar 
contractility. 

Ttie Mrpotensive EflTect af ReM. — 
The modifying effect of recumbent rest 
on the arterial pressure is very consider- 
able ; hence it is that the manometer 
will often demonstrate how valuable 
periods of absolute rest are in the 
treatment of hypertensive states of the 
circulation. Hence also the somewhat 
modified records of arterial pressure ob- 
tained from resting and recumbent cases, 
as in hospital, compared with those 
furnished by similar patients following 
their ordinary course of life. 



i 
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The Etiological Factors of the Cltnical 
Variations in the Arterial Pressure, 

The less or more persistent patho- 
logical deviations from the norma! arterial 
pressure are either subnormal or super- 
normal. 

The Cause 5 of Siilinoriiial Arieriiil 
Pressure {see pp. 88-90). — ^The leading 
factors are (i) diminution of vaso-motor 
tone, generally associated with splanchnic 
drain ; and (2) a reduced ventricular 
output. These conditions are brought 
about in Addison's disease by the 
diminution or absence of the supra- 
renal secretion ; and in other morbid 
states by various causes. For example, 
the increased temperature of the blood 
and the toxins in fever produce not only 
a rise in the frequency of the pulse, but 
as a rule a fall in the arterial pressure 
(from the predominance of vaso-motor 
relaxation) ; and when the system is 
impoverished or debilitated the pressure 
frequently diminishes (from reduction of 
cardiac output and vaso-motor tone). 
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Tlie Causes of Siiperiioriiial Ar- 
terial Pressure are much more complex 
and varied than those which induce 
subnormal pressure ; and in the present 
imperfect state of our pathological know- 
ledge on this subject it is difficult to 
formulate them with any approach to 
certainty. I think it is probable that in 
most cases a persistent high pressure is 
the result of a chain of pathological causes ; 
that the prominent cause or causes are 
supplemented by co-operating causes of 
minor degrees of potency. For example, 
it may be questioned if any of the meta- 
bolic products, so far as we know, even 
though they accumulate in the body, are 
capable of sustaining a persistently raised 
arterial pressure by virtue of their direct 
biochemical action on the heart and 
blood-vessels; but some of them may 
be contributory, and may form the initial 
links in the chain of more potent etiological 
factors* 

Deposition of the less soluble residua, 
such as the salts of lime, magnesia, and 
uric acid {sie pp. 10 1-6), in the areolar 
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tissue spaces of the body — such as those 
of the arterial walls, sheaths of muscles, 
and other fibrous structures, etc. — may 
excite proliferation, induration, and con- 
traction (diffuse fibroid degeneration). 
The calibre of the bed of the peripheral 
portion of the circulation may thus become 
reduced, with the inevitable result of 
persistent rise of the arterial pressure. 

Loss of elasticity — wearing out or im- 
pairment of the rubber of the central 
arteries— may also be an important factor 
of the higher pressure of the aged, of the 
syphilitic and gouty; the work of the 
supplementary heart — the elastic recoil 
of the aorta— being thrown on the ven- 
tricle, which reacts beyond requirement. 

But none of these causes affords a 
satisfactory explanation of the stage of 
increased vaso-motor tone which clinical 
observation has distinctly shown to usher 
in, as it were, the higher and less con- 
trollable ranges of hypernormal pressure; 
unless we infer that an excess of some 
of the normal excretory metabolic products, 
or the generation of some abnormal 
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products (such as toxins from aberrant 
chemical changes in the abdominal viscera) 
takes place, and will account for this pre- 
cursory hypertonia. But the nature and 
effects of these substances on the arterial 
system and the blood-pressure have not 
been demonstrated* The recent work on 
internal secretion has^ however, shown 
that the suprarenal glands more particu- 
larly, and the kidneys, yield products which 
do raise the arterial pressure. 

Jusu6 concludes from his observations 
on the effects (increment of arterial 
pressure and aortic atheroma) of injecting 
adrenalin into rabbits, that hypertension 
and atheroma are due to overaction of 
the suprarenal glands ; and the pro- 
duction of aortic atheroma (whether it 
be true atheroma or not) from adrenalin 
injections has been confirmed by other 
observers. Then as to the renal causa- 
tion of hypertension we have the experi- 
ments of Batty Shaw,^ which support the 
view held by Tigerstedt and Bergman, 



Lamtti 1906, voL I. 
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that the kidneys yidd to the hlood a 
pressor substance (renin) which raises 
the arterial pressure^ and may account for 
the high ranges of that pressure which 
we observe in chronic Bright's disease. 
Experiments in the kboratory having 
shown that intravenous injectiofis of 
extracts of nervous tissue, muscle, liver, 
spleen, pancreas^ mucous membrane of 
the stomach and intestines^ bone-marrow, 
testes, mammary gland and lung produce 
a fall in the arterial pressure, it does not 
seem improbable that the pressor ^ect 
of adrenalin and renin may, in the normal 
condition of the body, be kept under 
balanced control by the depressor products 
derived from some of these oiigans and 
tissues.^ It is known that adrenalin is 
oxidised and destroyed ; specially by the 
liver (Longlois) and the muscles (Schafer 
and Oliver). It is held by some {e.g. 
Delaunay') that the liver under the 



^ The reader perhaps should be reminded that we have 
no actual proof that these organs yield depressor sub- 
stances to the blood as specific internal secretiona resem- 
bling those of the thyroid, adrenal, and pituitary glands. 
Gau. htbdom. d*» $ci. mtd,, July ai, 1907. 
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influence of the nervous system regulates 
the amount of adrenalin permitted to pass 
into the general circulation. According 
to this view, it therefore follows that a 
heightened arterial pressure may be 
maintained, not necessarily by an over- 
production of adrenalin derived from a 
hypertrophied suprarenal medulla, but 
by a failure in the liver to intercept 
and neutralise the normal amount of 
suprarenal secretion, which consequently 
accumulates in the blood. 

Apart from exogenous causation (e.g. 
by lead, alcohol, tobacco, syphilis, etc.), we 
might formulate a hypothesis, according 
to which we have (i) an endogenous 
biochemical cause (whether metabolic, 
tozinic, suprarenal, or renal) inducing 
hypertonia, which, being proportionate to 
the amount of muscular tissue, is more 
active in the region of the arterioles; 
(2) initiation of organic changes in the 
walls of distal blood-vessels, either from 
the toxic action of the product on them, 
or from the limitation of the capillary 
and lymph circulation within the walls 
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caused by the persistent contraction ; and 
(3) gradual obliteration or obsolescence 
of capillary vessels by contraction of the 
interstitial fibrous tissue which supports 
them (difiiise fibroid degeneration). 

It seems to me that the manometer is 
corroborating the pathology of "fibroid 
degeneration" brought forward by Jenner, 
Handfield Jones, Gull, and Sutton. My 
old teacher, Sir William Jenner, for many 
years insistently pointed out that besides 
the fatty and amyloid degenerations there 
is another, "a general fibroid degenera- 
tion." This teaching was also advocated 
by Handfield Jones, and it was supported 
by Mahomed.^ Later, Gull and Sutton * 
demonstrated the existence of arterio- 
capillary fibrosis, which may be regarded 
as only a part, though a most important 
part, of the larger question of "general 
or diffused fibroid degeneration." At the 
time (1872 to 1877) the significance of 
this work was for the moment somewhat 
obscured by the comparatively less 



' Lancttt X877, vol. ii., p. 232. 

* Trun9, Pathological Soc., London, vol. xxviii., 1877. 
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important question as to whether the 
undoubted thickening of the distal arteries 
should be referred to muscular hyper- 
trophy *or to fibro-hyaline change, Sir 
George Johnson upholding the former ex- 
planation.^ We now see that Mahomed 
was right when he remarked, " Both pro- 
bably are present " ; and that our chemico- 
physiological conceptions suggest how 
the "stopcock" action of the arterioles 
may be accounted for in the pre-fibroid 
stage of arterio-capillary fibrosis. 

Then it is not improbable that, in the 
manner of a vicious circle, a persistent 
rise of the arterial pressure may per- 
petuate itself; and Sir Lauder Brunton 
suggests that continued increased pressure 
may be a factor in producing degeneration 
by prolonging the diastole of the artery — 
the diastole limiting the supply of blood 
and lymph in the capillaries and tissue- 
spaces of the arterial wall. 

There are two other possible factors 



> "On the changes in the blood-vessels and in the 
kidney, in connection with the small red grannlar kidney." 
Trmn9, Pathological Soc, London, voL zxviii.| 2877. 
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in supernormal arterial pressure : namely, 
viscosity and plethcM^ 

As the viscosity-coefficient of normal 
human blood is estimated to be about 
four tiroes that of distilled water,^ and as 
in disease it will, like other qualities of 
the blood, vary very considerably, it is 
reasonable to anticipate that it should be 
a factor in determining the blood-pres- 
sure. Sir Clifford Allbutt in particular has 
laid some stress on the importance of this 
factor.* Not having employed a method 
of directly estimating viscosity, I have not 
been able to ascertain with certainty the 
influence of it on the arterial pressure. 
Variations in concentration of the blood 
ought, however, to correspond roughly 
with different degrees of viscosity; and 
these I have been estimating for many 
years with the haemocytometer tube by 
the side of arterial-pressure measurement. 
Moreover, my method of separating the 
tissue fluid of the finger by compression 

* See Sberringiton in Allbut/'s Sy»tem of Mtdicine, 
A, v., p. 476. 
3ee Th€ Lang l^cturts. 
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has enabled me to obtain samples of blood 
as it exists within the vessels, and there- 
fore free from that fluid. The results of 
these observations show that in disease 
there is a wide range of variation in the 
concentration of the blood ; that when 
the arterial pressure is persistently high, 
there is generally a rise in the percentage 
of corpuscles and in the specific gravity 
of the blood ; that when the pressure is 
low, the concentration of the blood, as a 
rule, also falls somewhat. I have, how- 
ever, met with a good many exceptions 
to these general conclusions. The obvious 
explanation is, that the output of water 
by the kidneys being greater when the 
arterial pressure is higher, the blood is 
apt to become more concentrated; and 
that, the urinary water being lessened 
when the pressure is lower, the blood 
then tends to be somewhat more diluted 
than normal. So that in the ordinary 
run of cases the variations in the concen- 
tration of the blood may be regiarded sis 
results rather than as causes of the 
alterations in the arterial pressure; the 



l68 CUNICAL BMMOMANOMETRY. 



increased viscosity pertaining to concen- 
tration of the blood thus set up may, 
however, slightly raise that pressure, I 
have not had opportunities of studying 
the relation of viscosity to hypertonia in 
the interesting group of cases of splenic 
polycytheeinia with cyanosis described by 
O&len Parkes Weber has, however, de- 
monstrated that in two such cases the 
arterial pressure was raised*-^ 

It is also reasonable to suppose that a 
relative increase of the blood-volume to 
the capacity of the vessels should raise 
the blood-pressure throughout the whole 
circulation* There is ground for believing 
that such is the case. Trunecek, of 
Prague, divides his cases of arterial 
hypertension into two great classes- 
spastic (or contractile) and plethoric ; and 
the latter group he further divides into 
polycythsemic plethora and serous ple- 
thora. He differentiates plethoric hyper- 
tension from the spastic variety by the 
pulse being strong and full, but not hard| 
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in all the arteries (great and small), 
which, however, do not become tortuous ; 
and by distension of the capillaries and 
veins. The blood-volume is also in- 
creased in chlorosis, according to Lorrain 
Smith; but in this example of serous 
plethora the arterial pressure is not, as 
a rule, raised — a fact which may perhaps 
be accounted for by the low viscosity of 
the blood in chlorosis. 



CHAPTER V. 

THE TREATMENT OF SUPERNORMAL 
ARTERIAL PRESSURE. 

In attempting to control or modify a rise 
in the arterial pressure we should keep 
in mind that, though variations of that 
pressure may produce certain patho- 
logical effects, they themselves are but 
results. When, for example, the arterial 
pressure is raised but temporarily, the 
cause may be, and, in fact, usually is, 
of nervous origin — either psychical or 
reflected ; but when the pressure rise is 
persistent it may be regarded as the 
outcome generally of some alteration in 
the chemical composition of the plasma 
or of organic changes in the circulatory 
mechanism, which may or may not have 
themselves resulted from some biochemi- 
cal cause. It follows, therefore, that in 

our efforts to control a persistent rise 

X70 
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in the arterial pressure we should, if 
possible, learn what are the etiological 
factors at work. Unfortunately, as our 
knowledge in this direction is extremely 
limited, we must often content ourselves 
with symptomatic treatment, or treatment 
on general lines, with the application of 
such practical suggestions as may be 
derived from physiology, which is, after 
all, the mother of medicine. 

The Psychical Management of the 
Patient. 

We are sometimes apt to forget that 
when a patient of a nervous, sensitive 
type realises that his arterial pressure is 
raised, he is apt to exaggerate the import 
of this knowledge, and may worry — often 
quite unnecessarily worry — himself about 
it I have met with several such cases. 
We all know that our nervous patients 
are apt to nurse their pet worries; but 
when the arterial pressure is raised, 
perturbation is more particularly injurious, 
for it tends to perpetuate the evil We 
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should therefore do our best to dispel 
apprehension, and to instil into our 
patient as much hope and encouragement 
as may be possible. 

It is a good rule, when treating ner- 
vous subjects, to abstain from quoting 
the actual figures of an observation, 
especially when they are high {e.g. 200 
mm. Hg. or more). 

Dietary Treatment. 

Reduction of Gastric €ardio-vRs- 
cular Stimnlatioii. — ^The principal aim 
in our dietetic directions should be to 
select a diet which has the least stimu- 
lating effect on the circulatory organs. 
Hence we should reduce as much as 
possible not only the bulk of each meal, 
but also the proportion of those con- 
stituents of the foodstuffs which more 
particularly stimulate the cardio-vascular 
apparatus, such as various salts, soluble 
extractives, active principles and other 
bodies {e.g. alcohol), which are directly 
absorbed without change, and may be 
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regarded as exogenous hormones between 
the digestive tract and the circulatory 
apparatus, stimulating the heart on the 
one hand and the capillary circulation on 
the other. 

In the normal state of the circulation 
the vaso-motor play of the peripheral 
parts is free, and responds to the varia- 
tions in the heart's action ; but this har- 
mony becomes disturbed in cases of 
supernormal arterial pressure, in which 
the stress of any stimulation of the 
circulation falls more and more on the 
heart muscle, with increment of the 
arterial pressure. Hence we should in 
such cases try to modify as much as 
possible the cardio-vascular stimulation 
produced by the ingestion of food.^ 

The next important point is to correct 
digestive irregularities and discomforts, 
and to encourage extra mastication and 
insalivation, especially of the amylaceous 
foodstuffs, which are generally so soft 



* See some good illustrations of the value of this 
teaching in a recent paper by William Russell, M*D> 
Brit, M*d,JoHm,, vol. i., 2906. 
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as not to seem to need any mastication 
at all, and are consequently bolted, 
whereas it is more important thoroughly to 
masticate and insalivate them than the 
proteid foods. 

The «u|ipl|r of meats of all kinds' 
fthould be lessened below the propor- 
tion ordinarily taken, and some are satis- 
fied merely to reduce or to disallow the 
red meats (beef and mutton), while they 
permit the taking of white and young 
meats (fish, poultry, veal, etc.) in ordinary 
quantities. Though the practitioner nearly 
always is inclined to select what are 
called lighter meats, I cannot say that I 
have observed any difference of effect 
on the arterial pressure of the various 
forms of roast or Med meats- — whether 
as beef, mutton, fish, poultry, etc, A 
more important difference in this respect 
seems to me connected with the way in 
which the meats are cooked — whether 
roasted and taken with the gravy, or 
boiled and served without the broth. 
I therefore make it a rule in these cases 
to substitute as much as possible boiled 
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for the roasted or fried forms of fish, 
fowl, beef, mutton, etc. ; and to exclude 
from the dietary meat extractives, such 
as meat soups^ gravies, etc* The propor- 
tion of green vegetables and fruits should 
be increased, and carbohydrate foods 
may be taken in moderation. As a rule 
I think the cases do best on the reduction 
of an ordinary diet as a whole, with a 
diminution of the animal and an increase 
of the vegetable derived foodstuifs. The 
reduction of the ingesta to physiological 
needs and expenditure is particularly 
Important in the management of cases of 
high arterial pressure ; for some of these 
patients are inactive and, feeling weak 
and run down, crave for the stimulant 
effects of tonics, a full meat diet, an 
excess of salt and other condiments, and 
alcoholic drinks* 

The Ingestiou of Fluids —their 
nature and quantity^ — is not a matter of 
indifference. The bulk of the meals should 
be kept down by reducing the quantity of 
fluid taken with them* Fluid, of which 
the best is water, should be taken more 
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fredy when the stomach is empty — €.g. 
a tumbler an hour before meals^ or night 
and morning. Preference should always 
be given to soft or distilled and non- 
aerated water, or to mildly alkaline 
waters, as potash and soda salts improve 
the peripheral circulation ; and it is best 
generally to advise the water to be taken 
warm. Hard water — i.e. water containing 
calcium salts in such proportion as to raise 
the hardness above five d^^ees — is best 
avoided, especially in the elderly with 
a premature rise in the arterial pressure, 
in whom there may be an inadequate 
elimination of calcium salts by the bowels 
and kidneys. Though calcification is 
generally believed to follow and not to 
precede degeneration or involution, it may 
turn out that inadequate elimination may 
lead to the deposition of calcium salts in 
the arteries, kidneys, and other tissues 
of the aged.^ As the combination of 



An interesting communication, "The Part played by 
the Calcium Salts in the Blood and Tissues," appears in 
^ht Britiah Mtdical Journal of April ao, 1907, in which 
W. Blair Bell, M.D., refers to three calcium physiological 
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calcium with an organic acid {e.g. citric) 
deprives the calcium ion of its specific 
physiological effect on the blood,^ the 
addition of lemon juice to hard water 
may be a useful corrective in the elderly 
and gouty. 

The Beverages, such as tea and 
coffee, are thought by some observers to 
be particularly noxious. Long-continued 
indulgence in strong tea and coffee is 
undoubtedly injurious, but I have seen 
no objection to these beverages in strict 
moderation, and when their ingestion is 
not followed by disturbing results, such 
as palpitation, flushing, giddiness, or 
wakefulness. Cocoa is the least objec- 
tionable of beverages. As to alcoholic 
beverages my impression is that high- 
pressure cases as a class are better without 
them, but that many cases in which we 



periods. " The third period is that of late life, when no 
calcium salts are required for the building up processes or 
for those of reproduction. These salts then accumulate 
in the tissues, especially in the vessels . . . atrophy 
occnrs, and the individual fpradually declines." 

' See J. Coleman, Tht Bio-Chemical Journal, April, 
1907. 

12 
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Probably it is insignificant ; but I think 
it advisable to test the matter by observa- 
tion. To apply efficiently a dechloriding 
diet the mere omission of salt as a 
condiment is insufficient We must 
besides this select those articles of food 
which in the uncooked state contain the 
least percentage of salt, and omit the 
addition of salt in their preparation for 
the table* The diet thus obtained is prac- 
tically, though not absolutely, chloride- 
free. Such a saltless diet may consist 
of vegetable soups (made without meat 
stock), fresh green vegetables, fruits, nuts, 
fats (fresh butter, cream), salt-free bread, 
farinaceous vegetables (potatoes, rice, 
peas), and sugar. Dufour (in 1905)1 
Guinon and Pater (in igo6), and Del^arde 
(1907) obtained excellent results from 
a dietary like this in scarlet fever and 
scarlatinal nephritis. But in chronic 
nephritis and in other cases of high 
arterial pressure such a strict chloride- 
free diet will scarcely be necessary, 
though it may perhaps be adopted with 
advantage for a while now and then, 
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when accessions of pressure arise. In 
bet, a saltless diet soon becomes so 
distasteful to the majority of patients 
that it is di£Scult for them to continue 
it for more than a week or two at a 
time. 

I have observed that as we grow older 
(say over 65 years or so) there is apt to 
arise a tendency to indulge more and 
more in the use of salt When the 
arterial pressure rises unduly in elderly 
subjects we should do well to look out 
for this disposition. The suggestion of 
the late Sir W. Roberts, that we should 
substitute chloride of potassium for 
chloride of sodium as. a table salt, is 
supported by Bunge/ who has shown 
that when potassium is ingested m ex- 
cess of sodium a loss of the latter from 
the system takes place. Unfortunately, 
chloride of potassium is by many dis- 
liked as a table salt, but it is less ob- 
jectionable when combined with 50 per 



* G. Bong* : TtxiSook of Physiology a$ul PtUhologkml 
Ck$mi9ify (tnaalated by F. A. Starling)^ igos. 
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cent* of sodium chloride^ or with potass iura 
nitrate. The following formula of an 
apressor table salt may be found useful ; 
ammonium hippurate, t part ; potassium 
nitrate, 4 parts; potassium chloride, 
25 parts ^ 

A strict milk diet^ sufficient in 
quantity to maintain the health and 
condition of the patient — if.^, six pints a 
day — supplies to the system from 100 to 
200 grains of salt (different authorities 
giving the salt percentage of milk as 
ranging from 16 to 3"o), so that such a 
diet is by no means saltless. Neverthe- 
less, experience shows that a milk diet 
or a larto-fai'iiiaccoiis diet for a few 
weeks has sometimes an excellent effect on 
high arterial pressure and on the general 
health,* Unfortunately, milk is often 



" Me^^ftri, OppezLheimtr^ Son & Co., prepare b poittble 
form of tfaidi salt. 

■ See an addPess on Arterio-icleroaiB by W, P. HerrinK- 
ham, MpD., BriL Med. Joum^ vol. i.| 1907^ p. 61, Ac- 
cording; to the reccDt ex pen men la of C J. Golemui, mlUk 
a« a diet doe^ not appear to increase the coaguLabiltty of 
the biood» as much of ii% calcium content la ciot available 
as a factor in coatroUini^ the coagulattoa, for it ia probably 
ccrmblocd with or^nic (and not mm*rst\ acidft, which 
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badly borne in some cases, especially 
when the bowels are inclined to con- 
stipation and the liver is inactive ; but 
even then it may often be made to agree 
by adding to it citrate of soda or potash, 
or when there is gastric acidity sodii 
bicarbonas or liquor niagnesii carbonatis. 
But a lacto-vegetmriaii diet is more 
suitable in most cases ; a moderate daily 
quantity of milk {€,g, two or three pints) 
when taken with vegetable food -stuffs 
(breadj ricei green vegetables, and fruits) 
should not seriously raise the low per- 
centage of ingested salt and, moreover, 
it advantageously increases the propor- 
tions of the proteid and fat, especially 
when combined also with cream, cheese, 
and eggs. Cheese in moderation is per- 
haps the least objectionable form of 
proteid food in these cases. Meats of all 
kinds contain even a smaller percentage 



combiaiitioti de«a not shfirten t!i« t^Hfralalton time, {Tk« 
BiO'CktmicaJ J^urnal^ op* #iY.) So it ia not imprtibRbie 
that if calcJum iAVOnri! i. rtS6 of arterial pressure {vidt 
t*q,) milk may iaU to do so, juat %■ It UdU to increafie the 
coA^tilabilily of tbe blood* 
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of native chloride than milk; but the 
cardio-vascular stimulant effect of the 
extractives which they contain more 
than counterbalances any advantage they 
possess in their relatively low percentage 
of salt. Boiled meats, however, con- 
taining less salt and extractives than 
roast meat, may be added to the dietary 
without disturbing its comparatively salt- 
free character. Fresh-water fish (such 
as trout, tench, pike, and crayfish), which 
contain much less salt than salt-water fish, 
may also be taken if we do not require 
to adhere to a strict minimum supply 
of ingested salt. Caviar, pickled salt- 
water fish, molluscs, and shell-fish should 
be avoided. The condiments — pepper, 
mustard, vinegar, lemon, etc., when taken 
in moderation, are useful in relieving the 
insipidity of the dechloriding diet. 

When the systolic arterial i^-essure 
maintains a high range this dietary 
should be tried, and especially when 
there are albuminuria and any oedema, 
however slight. But even when the 
arterial pressure is equally high and 
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there is not even the merest trace of 
albumin in a pellucid urine, we may 
still entertain a suspicion of kidney in- 
sufficiency — such as may diminish the 
permeability of the chlorides; and we 
may find a trial of the dechloriding diet 
as useful in such cases as in the 
albuminuric ones. When the kidneys 
are sound and normally penneable to 
sodium chloride it is not likely that 
the ordinary use of salt will interfere 
with the eliminatory work of the kidneys 
or will raise the arterial pressure, except 
quite temporarily; for normal renal 
elimination of the chloride is too rapid 
to allow of a permanent rise in the 
percentage of it to take place in the 
plasma and tissue fluids. We may 
therefore infer that if there is a per- 
manent retention of chlorides it will 
be invariably pathological and not a 
physiological condition, and our aim 
in treatment is to restore the chloride 
equilibrium by reducing the amount of 
the ingested chloride to that which is 
eliminated by the kidneys. The question, 
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therefore, is one of renal inadequacy 
the elimination of the chlorides. 

Should the arterial pressure be per- 
manently raised without there being any 
failure in the elimination of chlorides, 
urea, and the xanthin bases, the reduction 
of ingested salt is not likely to lower 
the arterial pressure — though it is weJJ^ 
to test the matter by observation, 

Tobficco smokiDg is sometiitie 
looked on as a q\iestionable habit whet 
the arterial pressure is increased, and 
knowing that nicotine raises that pres- 
sure and will even produce something 
like arterio-sclerosis in animals we may 
be disposed to lcx)k on smoking with 
suspicion. But smoking does not 
necessarily imply the absorption of all 
the nicotine contained in tobacco — as 
when^ for example^ the weed is chewed, i 
For combustion breaks up the nicotinei 
into such products as pyridin, carbon 
monoxide,^ etc.^ which predominate 



* 5» TA* Lanat, Jui. k, 1904^ pi. 43; and Feb. ES, tgc4*. 
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the smoke, though this may also contain 
a little nicotine. Hence the physiological 
effects of smoking on the arterial pressure 
will be due to the combined action of all 
the products of combustion as well as 
those portions of nicotine which escape 
destruction and which may be directly 
absorbed from the end of a cigarette or 
cigar. From the observations which I 
have made on myself and other normal 
subjects not habituated to smoking, I find 
that it always raises the systolic pressure 
{e.g. from 10 to 20 mm. Hg.) without 
producing a corresponding rise in the 
diastolic pressure; in fact, the latter 
pressure will generally either remain 
unaltered or may even fall, the pulse 
pressure range (t\e. the difference between 
the minimum and maximum pressures) 
being increased. The effect, as a rule, 
passes off quite quickly, generally in ten 
minutes or so ; but notwithstanding this 
fact, it is undesirable in the management 
of cases of supernormal arterial pressure 
to permit indulgence in a habit which 
raises the systolic arterial pressure. 
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Besides, Barazzoni found that in subjects 
with high-tension pulses the rise of the 
tension produced by tobacco smoking is 
more exaggerated than in subjects with 
low or medium tension, and leads to 
dyspnoea, palpitation, prsecordial distress, 
vertigo, tremors,^ etc. In most cases, 
when the habit of smoking can be given 
up, it is best to encourage the patient to 
do so ; and abstinence can generally be 
easily enforced in those who have been 
light or occasional smokers or who ex- 
perience slight palpitation, heart hurry, 
anginal pain, or other discomfort after 
smoking. But in the habitual smoker it 
is not always easy even to limit the 
indulgence, though we should endeavour 
to do this whenever possible. 

Rest and Exercise. 

The value of absolnte rest in the 

management of high-pressure cases should 
be emphasised ; for I doubt if we all 
quite realise it as fully as we ought to do. 

* GoMMtia Mtdiea UaUana, 1905. 
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We not infrequently see its calmative 
influence on the arterial pressure of 
bed cases (as in hospital), the pressure 
readings in similar pathological conditions 
being generally lower in them than in 
patients leading their ordinary lives. 
Absolute rest is the best sedative of 
exalted ventricular action, that large 
factor in maintaining supernormal pres- 
sure, especially in the higher ranges ; and 
this is often apparent even when the 
response of the peripheral arteries to a 
vaso-dilator is either greatly limited or 
is not apparent. In many such cases in- 
crements of pressure recur from cardiac 
excitation induced reflexly or bio- 
chemically, When recumbency for varying 
periods is invaluable, even though the 
heart muscle may not show signs of 
actual failure. The periods of absolute 
rest required may vary from a day once 
or twice a week to even three or four 
weeks at a time ^ ; and after the lapse of 



* During the prescribed rest evacusnt treatment of the 
liver and bowels should be more particularly maintained. 
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the longer interval of lesting, care should 
be taken to see that the assumption of 
the accustomed exercise is gradual, or 
the good effects of the recumbency may 
be nullified. 

Then, on the other hand, the prescrip- 
tion of exerrtoe is important^ When the 
arterial pressure rises beyond a certain 
moderate degree the patient is apt to 
become somewhat lethargic and inactive. 
We should in such cases encourage the 
taking of as much regular, moderate, 
and equable exercise as the patient's 
limit will safely permit Walking is the 
best of all exercises, but, unfortunately, 
even when indulged in quite moderately, 
these patients frequently complain of 
early "fagging." Then in suitable cases 
gentle cycling on roads of low gradients 



* We have seen that rest may lower the arterial pressure 
by calming an overtaxed ventricle in a state of irritable j 

activity. On the other hand, the moderate exercise of the 
muscles may also diminish the pressure by : (i) oxidising I 

and d«8troying the adrenalin, which maintains their tone 
and, by accumulation in the blood, raises the arterial 
pressure; (3) generating lactic add and periiaps other 
depressor metabolic products ; and (3) dilating the peri- * 

pheral circulation. | 
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and with a low-geared cycle is preferable, 
or horse riding — a form of exercise which 
we are apt to overlook in this mechanical 
age. All sudden forms of exertion should 
be avoided, such as straining at stool, etc. 
But the prescription of exercise when 
there is a rising pressure in the elderly 
requires discrimination and caution. Many 
men over sixty years of age, who have 
led sedentary lives, on retiring from 
business are apt to adopt the ways and 
games of young men, and, being uncon- 
scious of the fact that they have already 
used up much of their endowment of 
rubber in their arteries, are apt to come 
to grief in cardio-vascular breakdown. 
Such cases are an object-lesson to us to 
preach moderation in physical exercise 
to the elderly in whom we detect signs 
of diminished elasticity and play in the 
vascular walls, so that they may be 
induced to economise their remnant of 
rubber. Still, on the other hand, moderate 
activity in the elderly is generally bene- 
ficial, and we should always remember 
that after middle life involution and 
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degneration are fostered by inactivity; 
hence a sudden retirement finom active 
business often leads to a premature 
break-up. The cardio-vascular stimula- 
tion of exercise should always be avoided 
just after a meaL The patient should 
then rest recumbent or semi-recumbent 
for a good part of an hour; and after 
that interval has elapsed he should always 
take exercise, however limited it may 
be. Special exercises, such as tension 
exercises, and graduated resistance and 
slow deep breathing exercises^ are often 
valuable in widening the peripheral 
vessels and in letting down the arterial 
pressure; and massage is useftil when 
the heart begins to weaken and is not 
equal to efficient active exercise. 

Balneological Treatment. 

Some experience in the use of different 
kinds of baths in the treatment of these 
cases has clearly indicated that some 
balneological procedures are more potent 
than others in relieving supernormal 
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arterial pressure. Immersion in warm 
firesli water lowers the arterial pressure 
chiefly by relaxing the cutaneous and 
splanchnic arterioles ; but this effect is 
quite transitory, and the cutaneous circu- 
lation is left more amenable than before 
the immersion to the contracting influence 
of a lower temperature. But when the 
water contains or is charged with certain 
chemicals (such as chlorides, sulphides, 
extract of pine, peat, and carbonic acid) 
the lowering eflfect on the arterial pressure 
is prolonged. Hence the calmative influ- 
ence of peat, sulpirar, pine, saline, 
and carbonic acid baths, followed by 
dry, warm packing on the circulatory 
organs and the nervous system, and their 
adaptability to the treatment of those 
cases of increased arterial pressure asso- 
ciated with some phase of nervous 
irritability, or with contraction of the 
cutaneous blood-supply and some in- 
efficiency of the skin as an emunctory 
organ. A course of such bathing will 
produce good results, even when the 
arterial pressure is moderately increased. 

13 
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But I rarely find it desirable to rely upon 
these still baths entirely, for they are apt 
to leave the muscular system relaxed and 
toneless. They are more valuable as 
intercurrent baths in a course of massagre 
batliini:, which exerts a more decided 
effect in lowering the arterial pressure 
while maintaining or even improving the 
nutrition and tone of the muscles. UTanu 
massaire donchini:, exemplified by the 
Aix-les-Bains douche, followed by the 
needle bath of alternating temperature and 
warm pack, is, according to my observa- 
tion, one of our most valuable balneological 
procedures for treating cases of super- 
normal arterial pressure. In it we have 
in synergic combination the action of 
warmth, massage, and vibration in divert- 
ing the blood to the peripheral vessels 
of the richly endowed vascular area of 
the muscles as well as that of the skin. 

Electrical Treatment. 

My experience of the therapeutic value 
of electricity in cases of supernormal 
arterial pressure is somewhat variable. 
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It has scarcely given me sufficient con- 
fidence in its efficacy to encourage me to 
rely on it as the sole mode of treatment 
beyond the dietetic and general manage- 
ment. But I have not infrequently found 
it to be a useful adjuvant when resorted 
to along with other balneological pro- 
cedures. 

Radiant electric iiiflit batbs, which 
secure active cutaneous elimination at 
a comparatively low temperature, have 
proved most useful in many of my cases ; 
and I frequently advise their continued 
use twice or three times a week. 

Tlie D^Arsonvai cnrrent for twenty 
minutes daily, with or without bipolai 
massage, or the electric breeze, or the 
sparkling application to the limbs and 
body, has occasionally afforded me en- 
couraging results. Montier has adduced 
some rather striking evidence in support 
of the reducing effect of D'Arsonvalisa- 
tion in hypertension; he having, for 
example, observed in some cases, even 
after a few seances only, a fall from such 
high readings as 220 or 230 mm. Hg. 
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to 150 or 160 — ^a fall which was, more- 
over, remarkably persistent notwithstand- 
ing the discontinuance of further electric 
treatment^ I have not myself observed 
such satisfactory results. 

Scbiee^s fonr-cell electric %atli 
(galvanic or sinusoidal) is another fonxi 
of electrical treatment which I have 
found useful in hypertension, especially 
in chronic gouty subjects. 

Care of the Skin. 

It is important in these cases to 
maintaiQ the cutaneous circulation at its 
optimum efficiency. Warmth diverts to 
the skin a comparatively large volume 
of blood, which lowers the general 
arterial pressure; hence the value of 
warm efficient uroollen dotliing and 
of ivarm equable climates (such as 
those of Jamaica, India, or Egypt) during 
our winter and spring months. €old, 
and especially cold urindy climates, 

' Journal di Phyaiothi'rapU, 15 aoftt, 1905. 
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are most injurious in high - pressure 
cases.^ 

Cutaneous elimination should be 
encouraged; a thorough perspiration 
should be obtained once or twice a 
week by means of a lamp bath (home 
Turkish bath), or an incandescent liifht 
bath, or a Turkish bath, followed by 
efficient massage and removal of effete 
epithelium. By active perspiration the 
plasma and tissue-fluids are relieved of 
an excess of sodium chloride and meta- 
bolic residua. 

Venesection. 

So far I have had no experience of 
venesection in the ordinary course of 
treatment of high-pressure cases, apart 
from the actual accidents of uraemia 



* High altitudes, even though the air is still, are contra- 
indicated in these cases; chiefly because of the strain 
thrown on the heart by the cold and the accelerated 
breathing necessitated by the altitude. Hence the in- 
jurious effects are more apparent when the heart muscle 
is beginning to fail and when the breathing is easily 
disturbed by exertion. Sheltered moderate altitudes arci 
however, sometimes beneficial in hypertonia and super- 
normal pressure when the heart is fairly equal to its work. 
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and cerebral haemorrhage* Now that we 
have in the clinical inanometer an instru- 
ment of precision to guide us in selecting 
the right case for venesection, should we 
not avail ourselves of the rapid hypo- 
tensive effect of this measure more often 
than we do when suspiciously threaten- 
ing symptoms arise, or when in certain 
plethoric subjects a very high pressure 
does not respond sufficiently to the 
ordinary preventive measures, especially 
if the free use of vaso-dilators is not 
effectual? Under such conditions many 
years ago I used to apply Jtinod's boot, 
with apparently favourable results; but 
I think a limited venesection would be 
still more effectual than this. The ap- 
paratus acts like a magnified cupping- 
glass; it consists of (1) a metal boot 
sufficiently large to accommodate the leg 
up to the thigh, where the opening is 
rendered air-tight by a broad band of 
indiarubber, and (2) an air-pump attached 
to a nozzle communicating with the in- 
terior of the boot through which the air 
within is rarefied. 
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Medicinal Treatment. 

Sometimes dietetic treatment, regula- 
tion of rest and exercise, and some 
balneological procedure — such as thermo- 
massage — will suffice to correct the 
increment of arterial pressure, more 
especially in its slighter degrees. But 
in most cases it will be found that 
some medicinal treatment or other in 
addition will be either useful in expe- 
diting the progress or will be necessary. 
That treatment may be directed into one 
or other of the following lines — namely 
(i) to secure (a) free evacuation and 
correction of the liver and bowels, {b) 
gastro-intestinal antisepsis, and {c) seda- 
tion of the gastro-cardiac reflex ; and (2) 
vaso-dilatation and sedation of the vaso- 
motor nervous system. 

Evacaant and Antiseptic Treat- 
ment. — There is no doubt that nearly 
all forms of supernormal arterial pressure 
are benefited less or more by purgatives ; 
not so much, however, by the occasional 
aperient dose as by a daily increased 
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discharge from the bowels. The benefit 
thus derived may be ascribed to (i) the 
stimulation and correction of the liver 
and other abdominal glands; (2) the 
daily baling out through the intestinal 
mucous membrane of salt^ and water 
from the blood and the tissues, with 
stimulation of the intermediary circula- 
tion; and (3) the removal of intestinal 
toxins. To be efficient the aperient must 
produce a free watery discharge. Saline 
purgatives should be taken in hot water 
in the early morning, such as sodii sul- 
phas, or soda tartarata,.or sodii sulphas 
with magnesii sulphas ; and, in addition, 
there should be an occasional mercurial 
dose — e.g, once or twice a week (calomel 
or pilula hydrargyri) at bedtime. Just 
now there is a widely entertained belief 
that the generation of toxins in the 
gastro-intestinal area (chronic intestinal 
auto-intoxication), is the possible, if not 



^ The normal proportion of salt in the faeces is greatly 
increased in diarrbcea. Vid$ " L'Elimination du Chlorure 
de Sodium par la Diarrh^e " (Comptes Rendus dt la Sociiie 
^€ Biologic, 1903, p. 939). 
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probable, cause of several ailments of 
obscure origin, such as gout, arterio- 
sclerosis,^ etc. MetchnikofF has shown 
us the importance of avoiding the in- 
gestion of bacteria in raw fruit and 
vegetables by heating and cooking them. 
But cooking is objectionable in depriving 
certain raw fruits and vegetables of their 
delicate and appetising flavour. In the 
case of grapes, salads, and perhaps straw- 
berries, we may, however, render them 
aseptic without impairing their natural 
flavour by dissolving one of Dr. Rideal's 
tablets of bisulphate of soda in ten ounces 
of water and using this as a wash water. 
Intestinal antiseptics may often be used 



* During the past summer I have noted the arterial pres- 
sure of patients suffering from colitis, who have undergone 
the Plombiferes treatment at Harrogate. In those in which 
the pressure was raised I cannot say that I have observed 
any marked or appreciable fall of it which could be 
ascribed to the improvement of the colon, even in the 
most successful cases. Moreover, I have met with several 
cases of pronounced chronic colitis affording a somewhat 
low arterial pressure, or certainly without any rise what- 
ever over the normal pressure. From the study of these 
cases I cannot say that I have discovered any direct 
evidence showing that colitis is pathologically connected 
with arterio-sderosis, gout, or a supernormal arterial 
pressure. I am therefore rather disposed to doubt if the 
colon is responsible for the production of a pressor toxin. 
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with advantage when the arterial pres- 
sure is persistently raised, such as benzo- 
oaphthol, salol, salaceto!^ and tylmarin 
(acetylated ortho-coumaric acid), which 
tend to ease the peripheral drculation 
like the other members of the aromatic 
series. Mercurials are also not only 
antiseptic, but relax the arterial wall, 
and I have observed that pan^ule doses 
of calomel {e.g. tabloids of ^ih grain) 
twice or three times a day may be taken 
for a few weeks now and then with a 
favourable effect on the arterial pres- 
sure. The red oxide of mercury tabloids 
(A^h grain) are also worthy of a trial. 
Small daily doses of sulphur^ — such as 
the compound sulphur or the guaiacura 
and sulphur tabloids — are not only useful 
as laxatives but in favouring a fall of 
the arterial pressure. 

2. Sedation of the Oastro-cardiae 
BeAex. — In many cases of supernormal 
pressure of the paroxysmal type, as in 
angina pectoris, it is of some importance 
in the medicinal treatment to soothe the 
nerve-endings in the stomachp This may 
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be attained from the medicinal standpoint 
by administering before meals, when the 
stomach is empty, such remedies as 
bismuth (carbonate, trisnitrate, salicylate), 
caerium, hydrocyanic acid, sodium bi- 
carbonate, magnesium carbonate, small 
doses of liq. morphiae, etc., in those 
combinations which seem to the pre- 
scriber to be best adapted to the case 
in hand ; and it is often advisable to 
continue such treatment for lengthened 
periods. 

3. Apressor Remedies. — Arterial 
pressure may be reduced either by 
diminishing the output of the ventricle or 
by widening the bed of the whole arterial 
system, and especially its peripheral 
portion. Experience shows that it is 
futile, if not injurious, to attempt to 
obtain a depressor effect and to maintain 
it by drugs, which lower the action of 
the heart. Just lately Coley, of Phila- 
delphia, for example, has shown that 
such drugs as aconite, veratrin, antimony, 
and chloral are unsatisfactory and scarcely 
justifiable remedies for the purpose of 
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reducing the arterial pressure*^ Our 
choice of apressor remedies is therefore 
restncted to those which favour dilatation 
of the calibre of the arteries, and thus 
ease the flow of blood through the distal 
portion of the circulation. Their physio- 
logical action on the arterial pressure 
(distal and proximal) is easily demon- 
strated by the manometer in man by 
administering a dose of nitro-glycerine ; 
and I have elsewhere shown how useful 
it is in the course of clinical observation 
thus to gauge the vaso-dilator response 
of the arteries {see p, 125), 

I>e9ldei*atiiiii in an Apressor 
Remedy* — Control of a persistently high 
arterial pressure by drugs is less or more 
unsatisfactory* Should an impression be 
made, there is the gradual failure to 
maintain it, or the great liability — often, 
indeed, the certainty — of the recurrence 
of the higher pressure on discontinuing 
the remedy or on reducing the dose of it. 
The effect is, indeed, rarely curative. 



BnV. M«d,Joum*t tggfi, toL iL, p. 1454* 
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The desideratum in an apressor remedy 
seems to be the discovery of some agent 
which will modify arterial pressure on 
the lines followed by natore — some pro- 
duct or other which may be continued 
without harm so long as it may be re- 
quired. We may, as experimental work 
proceeds, find the solution of this question 
in physiological chemistry, and we are 
already beginning to realise that arterial 
pressure may be the resultant of the 
interaction of pressor and apressor pro- 
ducts supplied to the blood by the internal 
secretions of the various organs and 
tissues, and that the higher ranges of 
pressure we meet with may arise from 
the predominance of the pressor products, 
the anti-bodies being generated in in- 
sufficient quantity,^ 

The Depressor £ fleet of Invested 
Thfi-otd Olaod. — We know that the 
adrenal and the pituitary glands and the 
kidneys yield pressor bodies; but our 



" Tile sociimnktion cf pressor products in the blood mmy 
^Iflo depeiad on iDsufficicnt: deatruction of ih^m, f,g, 
ftdrcDalin by the Uver* 
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knowledge of apressor secretory products 
is much more limited — ^the internal secre- 
tion of the thyroid gland being about the 
only one with an experimentally proved 
depressor action. I have observed that 
the ingestion of the thjrroid gland in- 
creases the calibre of the arteries and 
lowers the arterial pressure, and in many 
cases of increased arterial pressure it is 
sometimes useful, especially in subjects 
over forty-five or fifty years of age of 
a gouty or obese type ; but it is not a 
remedy which should be pre$cribed in 
a routine way in the majority of cases. 
When given in guarded doses with each 
meal, it will often modify the pressure 
and improve the general health, and then 
it may with occasional supervision be 
safely continued with advantage for long 
periods. On the other hand, I have seen 
quite small doses of thyroid produce 
cardiac irregularity and dilatation in 
arterio-sclerosis. The supervention of 
precordial uneasiness, palpitation, or 
irregularity of the heart's action should 
at once suggest the discontinuance of 
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the remedy or the reduction of the 
dose. Thyroid is sometimes better 
borne when combined with a small 
dose of strophanthus or digitalis; and 
it may be advantageously associated 
with a little free iodine (tinct. iod.). It 
has been thought by some (Stockman, 
Rolleston)^ that the iodides exert their 
beneficial effect on arterio-sclerosis and 
heightened arterial pressure by stimu- 
lating the thyroid ; they do not, however, 
reduce the arterial pressure. And just 
lately Chalmers Watson* suggests that 
the good results obtained from a bread- 
and-milk diet observed by Herringham ' 
in certain cases of arterio-sclerosis with 
increments of arterial pressure, arise from 
the profound influence of a diet, in which 
milk largely preponderates, on the struc- 
ture of the thyroid gland which he has 
demonstrated in animals — this therapeutic 
effect being, according to him, " indirect. 



* Clinical Journal, 1905. 

* Brit, MHl,J<mm,, vol. i., 1907. 

* Op, cii. 
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the thyroid gland spontaneously recover- 
ing under the influence of lessened strain 
on its functional activity." 

The Depressor JSMeet of some 
other BTomial Constituents of the 
Plasma. — But I think we may question 
whether the internal secretion of the 
thyroid is the only apressor agent present 
in the plasma, notwithstanding its obvious 
importance. Is it not probable that the 
arterial pressure is normally modified 
by some of the saline constituents, 
some tending to raise the pressure, while 
others lower it in proportion to their 
preponderance? The quantitative rela- 
tion between the various salts of the 
serum is probably maintained within 
certain limits in health; and in disease 
that relation may at times be disturbed 
either by the undue ingestion or the 
defective elimination of certain salts 
(such as calcium carbonate and sodium 
chloride). Somewhat cognate physio- 
logical facts point to the important influ- 
ence of the salts of the plasma. Ringer 
has shown that the salts of calcium. 
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sodium, and potassium must exist in an 
ideal circulating fluid in the right pro- 
portion, and those of calcium are of 
singular importance in maintaining the 
contractility of the ventricle ; and Waller 
has demonstrated that potassium depresses 
and calcium augments the variations of 
electric response in nerve. Moreover, we 
also know the important r6le played by 
calcium in the coagulation of blood and 
milk. May not a similar relationship 
subsist between the various salts of the 
plasma and the blood pressure ? In man 
the depressor effects of the potassium 
salts, whether as carbonate or citrate, on 
the arterial pressure are often more 
striking than might be expected from the 
results of experimental work; and the 
maintenance of a lower level of pressure 
thus obtained may be partly due to the 
corrective effect of the ingested alkahne 
salts on the disturbed balance produced 
by the predominance of pressor salts. In 
practice we frequently combine the nitrates 
and nitrites with the carbonates or citrates 
of potassium. Sir Lauder Brunton associ- 

14 
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ates nitrate of potash (20 grains) and 
nitrite of sodium (from a half to two 
grains) with this alkaline treatment 
(potassium bicarbonate) in a large tumbler 
of water in the early morning; and I 
have observed excellent results from a 
continuance of this prescription in many 
cases of decided supernormal pressure. 
Alkalies are generally well borne by such 
cases for long periods. But my observa- 
tions in man dispose me to conclude that 
there may be other salts normally present 
in the plasma which tend to lower the 
arterial pressure, such as the hippurates 
and benzoates. I have given these salts 
a good clinical trial during the past two 
years or so, and I am satisfied that they 
are useful in many cases of hypertension 
and of moderate increments of arterial 
pressure. As a rule they improve the 
general health and well-being, and are 
well adapted for long- continued use in the 
preventive treatment in the hypertonia of 
goutiness and arterio-sclerosis and especi- 
ally in the elderly. In many cases of 
hypertension, especially in women and 
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overworked anxious men, I have observed 
that the association of ammonium bromide 
with ammonium hippurate or benzoate is 
still more beneficial in providing a higher 
degree of sedation of the vaso-motor 
nervous system than is furnished by 
either remedy alone. There are also 
other remedies furnishing hippuric acid 
to the system which are worthy of trial 
in cases of supernormal arterial pressure, 
such as quinic acid, styracol, tylmarin, 
which are obtainable in the tablet form. 
It is interesting to find how many 
remedies with a benzene nucleus are 
useful in gout as well as in arterial 
hypertension. 

Exog^enons Apressor Remedies. — 
The most important of these vaso-dilator 
remedies are the nitrites of amyl, isobutyl, 
glyceryl, sodium, erythrol, and mannitose ; 
all of which vary in the energy and 
duration of their vaso-dilator activity. 
The most active members of the group, 
amyl and isobutyl nitrites and nitro- 
glycerine, have the shortest dilating 
effect, and are most useful in combating 
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the paroxysms of the hypertensive dis- 
ease, angina pectoris ; whereas the other 
members, the nitrites of sodium, erythrol, 
and mannitosej exert a more prolonged^ 
though a somewhat less energetic, control 
over persistent arterial tension — lowering 
the average level of supernormal pressure, 
and guarding against accessions of It. 
We should not suppose that every case 
of supernormal pressure should be treated 
by some member or other of the nitrite 
group. To do so would surely remind 
us of the crude practice of the early days 
of thermometry, when antipyrin, aconite, 
and other anti-febrile remedies were too 
frequently prescribed in a routine way 
to suppress every rise of tempera ture< 
The nitrites should, as a rule, be held 
somewhat in reserve at first, and should 
not be employed until after the failure 
or partial failure of the preventive or 
corrective treatment ; and their use and 
dosage, when indicated, should be the 
result of experimental observation in 
each case. The dose and its frequency 
having thus been properly adjusted, the 



VASaDlLATOR REMEDIES, 



213 



nitrites may in suitable cases be con- 
tinued for lengthened periods when neces- 
sary ; or they may be more particularly 
prescribed during periods of active in- 
crements of pressure which are apt to 
supervene. I am just now putting on 
trial a combination of all the slowly acting 
vaso-dilators/ which appears to me of 
some promise, 

Vn§0«dliatar§ may tic Bd vantage'- 
oiisl3r coniDlned with cardiac and 
nerve tanlcs ? but it is always advisable 
in such cases, every now and then^ to 
watch the effects of the continued use of 
vaso-dilators on the heart and the nervous 
system — for all the nitrites tend in the 
course of time to diminish the tonicity of 
the ventricle and to impair nerve tone* 
Should the slightest indications of dilata- 
tion appear, they should be combined 
with small doses of digitalis or strophan- 



* The combiiution con«bta of «odiatii nltHtCi gr. |, 
er^ttarot tetraaiLrate, ^r. !» Jsannit&H citrate, gr. |, 
luiniDii hippurate^ gn j, liiade mto a chacobtt* tabloid 
(B. W. & Co«)i which may be called ''Tabimd Sodium 
Nitrit Q>." 



214 TREATMENT OF RAISED PRESSURE, 

tixa^ or boCh^; and should the nerve 
tone fidi, die vaso-dilators may be asso- 
ciated with small doses of quinine, 
stiydmia, and phosphcmis. 

lodme^ as potassium and other iodides, 
is another apressor remedy which has 
for many years been relied on as our 
sheet-anchcnr in the treatment of arterio- 
sderosis, whether it is associated or no 
with a rise in the arterial pressure. And 
in cases of this type the iodides are often 
surfMrisingly well borne in large doses by 
the mouth, without producing the symp- 
toms of iodism or of depression ; but I 
do not find that the manometer shows that 
these remedies exert a direct reducing 
effect on the arterial pressure at all, 
and therefore my observations agree with 



*■ A good formula is that of Messrs. Parke, Davis & Co. 
in their tablets Tinitrin co. (digitalis, strophanthus, and 
trinitrin). I also find the following pill after meals three 
times a day useful in hypertension of the arterial wall 
with slight or moderate supernormal arterial pressure and 
cardiac dilatation (apex beat displaced to the left with 
submammary tenderness— a reflex from the overtaxed 
ventricle): pulv. fol. digitalis, extr. nucis vom. oa gr. J, 
ammon. hippurat. gr. j, pepsin porci (Fairchild) gr. iij, 
extr. gentian, q.s. 
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those of Stockman, Burnet,* Janeway, 
and some other observers. But not- 
withstanding this fact, I have often 
found a long continuance of the iodides 
in small doses useful in reducing super- 
normal arterial pressure. I cannot, how- 
ever, say that I have observed a palpable 
reduction of the thickening of the acces- 
sible arteries from the prolonged use of 
these remedies, even in full doses. The 
preparations, iodopin and iodalbin (Parke, 
Davis & Co.) are perhaps worthy of pro- 
longed trial in arterio-sclerosis. 

In obserirlni: the effects of treat- 
ment bjr the twofold nanonetric 
method, the practitioner should be re- 
minded that the armlet should always be 
applied to the same area on the same 
arm ; for in cases of arterio-sclerosis 
the readings obtained from the arm and 
forearm on both sides are more variable 
than when the arterial wall is normal. 

Another point to be remembered is, 

' "Therapeutic Action of the lodidei," Th» LanetitSe^ 
8, 1906, p. 646. Dr. Burnet advocate* the aabcutaneoua 
use of iodopin. 
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that the observations should be made as 
near the same time of day as possible. 
This precaution is well exemplified by 
the exceptionally large daily physiological 
range observed in a patient previously 
referred to (p. 98). The fallacy of 
testing the effects of remedies in such a 
case by substituting an afternoon observa- 
tion for previous morning ones is obvious. 
The conditions prior to the observation 
should also be uniform. The patient just 
mentioned can substitute for some hours 
the lower for the higher pressure range 
by playing a few rounds of tennis, or by 
taking an electric radiant heat bath ; so 
the depressor effects of prolonged exercise, 
such as hunting, walking, or cycling, 
finishing even an hour or so before an 
observation, may mislead the observer. 

I have generally observed that the 
armlet and the bulb readings agree in 
denoting the variations of pressure which 
are met with in the course of treatment* 
Nevertheless, I have come to regard the 
bulb-readings as not only more con vement 
and time-saving, but as being more closely 
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in accord with the alterations in other 
clinical data induced by treatment, such 
as a reduction in the hardness or re- 
sistance of the pulse, the evidence of 
diminution of the ventricular load and 
of the strain on the aortic valve, etc. 

The Amenability of Increased 
Arterial Pressure to Control. — Cases 
present decided differences in their 
response to treatment. This disparity 
is doubtless largely due to variations in 
the cause and in the stage of develop- 
ment of the pathological condition. The 
effects of treatment also differ consider- 
ably in the two classes of cases — namely, 
in the cases in which we can freely 
prescribe rest and regulation of exercise 
and life generally, and in those who must 
follow their avocations and their ordinary 
routine of life. In the former class the 
results are often more satisfactory, even 
when the pressure runs into the higher 
ranges. But the fact remains that the 
pressure is much more amenable to 
control in some cases than in others, in 
which it may be, and not infrequently is, 
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practically uncontrollable. My observa- 
tions lead me to the general conclusions — 
to which, however, I have met with some 
exceptions — ^that there is an inverse ratio 
between the observed reaction to vaso- 
dilatation and the degree of persistent 
supernormal pressure ; and that in cases 
following their ordinary course of life 
the amenability of the pressure to be 
controlled by treatment diminishes in 
a general way in proportion to the rise 
of pressure — the cases having persistent 
systolic pressures of over 200 mm. Hg. 
by the armlet method furnishing by far 
the majority of those which resist appre- 
ciable modification by treatment. But 
these conclusions are only such as might 
have been anticipated, for a high percentage 
(probably about 90) of the cases presenting 
systolic pressure of over 200 mm. are 
cases of chronic nephritis or of diffuse 
arterio-sclerosis — with or without renal 
implication ; and in a large proportion 
of those in which the pressures are below 
200 mm. the rise is, as a rule, the outcome 
of conditions less or more remediable. 



AMENABILITY TO CONTROL. 219 

The percentage of cases regarded as 
amenable to treatment will also be con- 
siderably influenced by the practitioner's 
conception as to whether the pressure 
is normal or supernormal in any par- 
ticular case. There being no such narrow 
line as that of the normal temperature, 
each observer, though knowing the 
general range of the normal pressure, has 
gradually to build up from his experience 
a correction for individual instances; being 
mainly guided in this by the collateral 
signs and symptoms and by the effects 
of treatment in borderland cases. When, 
for example, he discovers that a systolic 
arterial pressure of 145 or 150 mm., which 
he regarded as doubtfully normal, may 
be reduced to, say, 125 or so, with an 
improvement all round in the patient's 
condition and health, he will conclude 
that the latter and not the higher pressure 
is the patient's normal reading. Such 
experience is likewise useful in showing 
that we can thus pick out cases still 
amenable to treatment which might other- 
wise be allowed to drift into the less 
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controllable and higher ranges of super- 
normal pressure. Our clinical manage- 
ment of blood pressure thus becomes 
more preventive. It seems to me, there- 
fore, desirable to subject most cases in 
the doubtful area (from 145 to 160 mm.) 
to corrective treatment before accepting 
from 14s to 150 mm. in a routine way 
as the parting line between the physio- 
logical and pathological areas. 

An Increment of the Arterial 
Pressure is a Result. — ^The fact should 
be emphasized that supernormal arterial 
pressure is not itself a primary condition 
to be attacked or controlled as such. 
It is invariably a result of some patho- 
logical cause or causes, and it is, more- 
over, often indeed a necessary result 
of conditions which we cannot remove. 
While realising what are the ill effects 
of high arterial pressure, and trying to 
modify them as best we may by our 
attempts to moderate the pressure, we 
are apt to forget that that pressure is not 
infrequently a necessary evil, and should 
sometimes be regarded as a compensatory 
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effort, or as one of the natural defences 
of the body. On this point Theodore 
C. Janeway, who has done so much to 
advance the clinical study of blood- 
pressure, has recently remarked, after 
referring to the futility of drugs to keep 
down the blood pressure : "Another com- 
mon experience is that the steady down- 
ward progress with falling blood pressure, 
when heart weakness supervenes, is often 
made worse by arterial dilators. If im- 
provement comes under digitalis, for in- 
stance, the pressure usually rises. These 
observations^ find their readiest explana- 
tion, if we believe that for such patients 
an average level of arterial pressure far 
above the normal is absolutely necessary 
to insure the requisite speed of capillary 
blood flow. For them the optimum pres- 
sure for the maintenance of a normal 
circulation may become 200 mm. or more, 
instead of 100 to 145 mm. . . . Where 
no symptoms of a threatening nature 
exist these preventive measures alone are 
called for. Under such circumstances a 
systolic blood pressure [afforded by the 
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armlet] of 2CX) mm. — ^yes^ even 250 mm. 
and over — ^is not incompatible with a 
number of years of comparative comfort 
and activity, particularly if the response 
to treatment is favourable, and the patient 
-co-operates heartily." ^ 



' "Some Common Miaconceptions in the Pathological 
Physiology of the Qrcolation and their practical aig- 
nfftcance," by Theodore C Janeway, M .D., Ntm York 
M§dieal foHmal, Feb. 3, 1907. 



CHAPTER VI. 

THE TREATMENT OF SUBNORMAL 
ARTERIAL PRESSURE. 

A Lour Arterial Pressure may be 
Normal to the Individual. — It by no 

means follows that the arterial pressure 
is abnormal in any particular case, merely 
because it is below the average level of 
pressure generally present in healthy 
subjects of the same age. I have met 
with several male adults, even in middle 
life, in perfect health and enjoying their 
life work and recreations, in whom the 

arterial pressure has not exceeded ^^ ^ 

8oD 

mm. Hg. Such subjects are generally 
slight in build. Then again there is the 
fact that those in training for games and 
athletic exercises demanding the expendi- 
ture of spurts of energy, have frequently 
somewhat low arterial pressures during 

M3 
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quiescence — the ventricle possessing the 
potential energy for sustaining the higher 
arterial pressure required during the 
stress of vigorous muscular action. 

It would therefore seem that a sub- 
normal pulse pressure, like a slow pulse- 
rate or a subnormal temperature, may be 
consistent with good health and the 
enjoyment of an active life ; and is not 
therefore in itself significant of disease. 

A Subnormal Arterial Pressure 
may, however, be of pathological 
import when it is conjoined with the 
signs and symptoms of disease, or impaired 
health — when, in a word, it is a component 
of a complex symptom. The pressure 
normal to the individual may then become 
actually subnormal. Such pathological 
depressions are observed in {a) some 
chronic diseases^ e.g. Addison's disease, 
anaemia, haemorrhages, neurasthenia, 
phthisis and other wasting diseases ; and 
(^) in some acute diseases^ such as diph- 
theria, typhoid, pneumonia, influenza, and 
other febrile ailments. 

Biet. — The value of meat and meat 
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extractiires in the treatment of an 
asthenic condition of the circulation has 
of late years been thrown somewhat into 
the background by our dread of uric acid 
and the] other purin bodies, which are 
supposed to cause goutiness ; and indeed 
our dietetic directions generally have thus 
to a considerable extent become vitiated 
and lop-sided. In low-pressure cases 
roast meats and gravies should pre- 
dominate in the diet; and when meats 
are not admissible in the crude form, as 
when there is a rise of temperature, 
extractives of them, which are valuable 
cardiac stimulants and restoratives, 
should be given frequently in small 
quantities. In many cases of acute 
illness (such as diphtheria, pneumonia, 
influenza) in which the heart is apt to 
fail, watery extracts of muscle, when 
given in judicious intervals, often afford 
timely aid in tiding the heart over a 
critical period, acting, like other stimulant 
remedies, quickly and decisively, and 
enforcing the sustaining effects of food 
(milk, etc.) which requires time for its 

IS 
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elaboration and assimilation. They should 
not be given, as they were some years 
ago, as substitutes for food. Alcohol 
(especially in the form of brandy egg-flip) 
acts in a similar way when administered 
with food. Sodium chloride is another 
stimulant of the circulation which is apt 
to be overlooked. It should never be 
omitted from the liquid foods, such as 
milk ; and I would suggest that it should 
be given along with calcium and potassium 
chloride in the proportions present in 
Ringer's circulating fluid,^ which may 
form the menstruum of the drinks — 
lemon, barley or toast water. 

The due apportionment of rest and the 
regulation of exercise are most important 
in the treatment of low-pressure patients. 
In acute cases absolute recumbency is of 
course necessary. In chronic cases, and 
during convalescence from febrile ailments, 
the prescription of exercise frequently 

* Aseptules containing the chlorides of sodium (6 parts), 
potassium (3 parts), and calcium (z part) are supplied by 
Messrs. Oppenheimer, Son & Co. for the ready preparation 
of Ringei^s solution— one aseptule being dissolved in 
ao oz. of freshly boiled water. 
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requires to be well guarded, to prevent 
recurrence of atonia and consequent 
delay in recovery; and in such cases 
recumbency should be enjoined during 
the hypotonic periods following the meals 
and exercise, when undue draining of 
blood into the splanchnic veins takes 
place. In low-pressure cases abdominal 
massage and faradism of the abdomen 
are useful. 

The medicinal treatment of sub- 
normal pressure by cardiac and vaso- 
motor tonics is so well known that more 
than a passing reference to it is un- 
necessary. Strychnine, digitalis,^ and ad- 
renalin are the best remedies of this 
class ; and phosphorus, arsenic, and iron 
are frequently useful adjuncts. As a 
pressor remedy formic acid, according to 
Clement ' of Lyons, is promising ; this 
observer having recently shown that 



* The value of digitalin in the low arterial preunre ot 
Addison's disease is well shown by Rendle Short, Th4 
Lanetif voL ii., 1906, p. 085. 

' '*L'Acide Formique et la Force Musculaire/' par le 
Docteur Q^ment de Lyon : Paris^9os. 
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it is a powerful tonic of musde fibre — 
whether striped oc unstriped — and quickly 
abolishes the sense of fatigue. The tonic 
effects of formic acid oc the formates is 
much ai^redated by French phjrsicians 
just now. 

The P epT ^ss w ElKeet of the 
ToxiBs of IMphAeria aad of other 
lafeetiire Febrile IHseases wamy he 
met by the Bovttee AdministnUioM 
of §trjrchHla« — ^This fact in regard to 
diphtheria is thus clearly stated by James 
Davidson: ''As practically all the cases 
of diphtheria in the Edinburgh City 
Hospital were by routine practice put 
upon strychnine and alcohol on admission, 
the fall of blood pressure due to the toxic 
condition was to a large extent annulled. 
In cases which did not receive any such 
stimulant a fall was in every case noted 
until this treatment was commenced. 
During the routine administration of such 
stimulants over long periods, the blood- 
pressure response to any single dose was 
apparently absent, or in any case was 
much less marked than that following the 
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first few doses given to the patient ; but 
in these circumstances, if the routine 
order were suspended for one or two 
periods, the blood-pressure was noticed 
to be affected. This constant blood- 
pressure level, as maintained by the use 
of strychnine at regular intervals, seems 
to represent the ideal to be aimed at in 
the stimulant treatment of toxic conditions 
such as diphtheria." ^ 



* <* Blood Pressure in Fevers," by James Davidson, M.D. , 
etc., Tk* Lance/, vol. ii., 1907, p. 1087. 



CHAPTER VIL 

ON ARTERIOMETRY. 

Having found the calibration of the 
radial artery useful and instructive when 
made by the side of blood-pressure 
measurement, I will describe the little 
instrument (Fig. 7) which I devised 
some years ago for the purpose of deter- 
mining the internal diameter or calibre of 
the artery. It is applied in the vertical 
position, i.e. at right angles to the artery 
and to the arm (see Fig. 8). Each obser- 
vation comprises two stages. In the 
first the pointer and the dial travel for a 
certain distance, which varies in each 
case, from right to left — then the dial 
ceases to move. In the second stage the 
pointer suddenly leaves the stationary 
zero and travels from left to right — in the 
direction of the arrow on the dial. During 

this second stage the artery is being 

930 
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closed, and the excursion of the pointer 
from zero to the point at which pulsation 
beyond the pad completely ceases pro* 
vides a measure of the calibre of the 
vessel. 

I. — How TO USE THE ArTERIOMETER. 

The UTrist-rest. — The box in which 
the instrument is carried, when opened 
and inverted, becomes a convenient wrist- 
rest. The strap which surrounds it pro- 
vides three variations of extension, any 
one of which may be selected as the best 
adapted to the individual extensibility of 
the wrist, which varies in different cases. 

Directions. — (i) Extend the wrist 
(preferably the right one) over the wrist- 
rest, and see tiiat tlie elbow leans on 
the table and that all the muscles 
are relaxed; raise slightly the radial 
side;^ put the left hand over the up- 
turned palm and thumb, and thus main- 
tain the contact of the dorsum against 

* This direction is of special importance in taking the 
radial calibre in the recumbent pos^are ; for then the 
patient is very apt to evert the supine forearm. 
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the wrist-rest and prevent the thumb 
from being extended ; and place the pad 
of the left index finger over the radial 
artery, so as to close the vessel and ex- 
clude a reflux beat that may be present, 
when the tip only will perceive the direct 
pulsation. The artery and the adjacent 
structures are thus rendered slightly 
tense and at rest — conditions which are 
necessary to definite observation. 

(2) Examine the bed of the artery with 
the finger or the blunt end of a pencil, 
test the closing of it, and select the best 
site for the observation. If this should 
not happen to be in a line with the 
prominent part of the styloid process, 
which forms a good general landmark for 
this observation, stain the site with a 
dermographic pencil. 

(3) Hold the arteriometer between the 
index finger and the thumb of the right 
hand, and plant the foot-rests, one on 
the styloid process and the other on the 
flexor tendons, rendered tense by the 
extension of the wrist, and adjust the 
pad carefully over the site of the artery. 
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It is important that the observer should 
see that the inner foot-rest is well sup- 
ported by the tendons, and if these are 
not felt to be firm enough the wrist 
should be somewhat further extended. 
The instrument should be held, through- 
out the observation, perpendicularly to 
the plane of the limb ; and should not 
be Inclined backwards (see Fig. 8). 

(4) On applying the instrument, it will 
be observed that the indicator travels on 
the dial in the direction opposite to that of 
the arrow, and generally for more than one 
revolution, and in doing so, on reaching zero 
on the index, it rotates the dial. The extent 
of this excursion to the left, which takes 
place before the radial measurement can be 
made, depends on the relation which the 
site of the artery bears to the two fixed 
points on which the foot-rests are planted, 
€.g, whereas in the average formation it 
may not exceed a revolution and a half, 
it may, when the wrist is round and pro- 
minent, approach or complete two revolu- 
tions, and when exceptionally shallow, it 
may not compass more than one. The 
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mechanism allows of two backward revo- 
lutions. The stem may be shortened or 
lengthened by screwing the pad up or 
down. When it occupies the medium 
position, indicated by a line across the 
middle of the flat portion of the screw, 
on applying the instrument, the indicator 
settles in almost every case in some part 
of the second revolution.^ The instru- 
ment should be applied somewhat gradu- 
ally, so as to avoid propelling the zero 
point of the dial in advance of the pointer. 
The observation proceeds by slowly 
pushing down the outer case — care being 
taken to bear equally on both foot-rests — 
when the indicator will recede to the left 
a few points farther, and then will 
suddenly move in the opposite 
direction — that of the arrow — leaving 
the dial stationary. This point indicates 
file commencement of tlie radial 
measurement; and, in order to make 



' In quite exceptional instances the pointer may barely 
complete one revolution before it leaves zero— when the 
pad should be lengthened by unscrewing it; or it may 
actually complete the second revolution— when the pad 
should be shortened by screwing it up a little. 
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it as definite as possible, it is necessary 
carefully to preserve the same line of 
pressure. It is advisable to repeat 
the turning point of the movement of 
the indicator a few times by raising and 
lowering the case, which is then pushed 
farther downwards, until the artery is 
gradually closed^ when pulsation is no 
longer perceived by the tip of the index 
finger.^ The completion of the observa- 
tion should be quite definite, and this may 
be repeatedly tested by allowing the 
pulsation to return, on slightly relaxing 
the downward pressure on the case, so 
that the indicator may recede a point 
or two, and then to obliterate it as before.' 
The interval traversed by the indi- 
cator, from the point when it leaves 
zero and moves in the direction of 
the arrow to that w^hich shows the 
artery to be occluded, aflTords the 



* When the " reflux " or " recurrent " beat from the 
palmar arch is present, it is excluded by the pad of the 
finger. 

* It ¥rill be found that in most cases the well-trained 
finger does not require more than ^th of a mm. for the 
purpose of defining the absence of pulsation. 
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■uca^nreincut of tbe culllirc. If, how- 
ever, pulsation does not cease after the fl 

indicator has measured off as much as 
yo mrn*| the observer should suspect 
that either the pad is incorrectly placed 
in regard to the artery, or the line of 
downward movement of the pad has not 
been made at right angles to the resistant 
plane on which the artery rests, or the 
spot chosen has not been sufficiently 
adapted to closure of the vessel from the 
want of counter-support^ etc., or perhaps 
the structural conditions are altogether 
unsuitable for this mode of observation, 

Mornial Postnral Variatloiii^ — The ■ 
calibre follows the variations of the arterial 
pressure due to gravity and change of 
posture. In assuming the erect postures 
(sitting or standing) it immediately attains 
its maximum, and just as quickly falls to 
its minimum in recumbency. As a rule, 
in healthy subjects the postural variation 
extends from '4 to '6 mm., the average 
calibre in the erect postures being from 
2*0 to 2*3 ram. and in recumbency rs to 
1'8 mm. 





* 



II, — Epitome of Clinical Observation 
OF THE Radial Calibre* 

In the clinical field the arteriometer 
affords useful in form at ion concerning dis- 
turbances of the vaso-motor system and 
the state of the arterial wall. It there- 
fore determines important facts relating 
to the circulatory mechanism ; whereas the 
hsemodynamometer^ merely measures the 
blood-pressure as distinct from the con- 
dition of the arteries. The two instru- 
ments are therefore complementary to 
each other in clinical research bearing 
on the circulation. 

Reversed Postural Taiiatfon* — 
When the arterial pressure is lowered 
by a reduction of tone in the arterial 
wall, inducing splanchnic stasis, the 
postural measurements of the radial 
calibre are reversed— becoming maximum 
in recumbency and minimum in the erect 



1 The mimometer-buJb [p. ja^ nl^o pae^mires the blood- 
presiura *psj-t fmrn tti« Umm of tbc artcHiU w&ll j but 
uafortunately it« r^tiderin^ oT the systole preseitre is not 
^ff Biyft qiilu 10 defiAKe »> th«c of the hieiDodytiaiiiOEneter, 



i 
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postures. In this way the arteriometer 
enables the observer to measure the effects 
of fatigue on the circulatory system in 
whatever way induced, whether by exer- 
cise, heat, ill-health (acute or chronic), 
haemorrhage, or otherwise. 

Tbe Radial Calibre is Siibnomial. — 
This may indicate : (a) A congeni tally small 
radial artery merely, when the arterial 
pressure and the postural variation of the 
calibre will be normaL (h) A subnormal ■ 
arterial pressure, with general wasting of 
tissue and reduction of the volume of the 
blood, (c) Arterial constriction with raised 
arterial pressure and an absolute or relative 
reduction of the venous pressure, the 
postural variation of the calibre ceasing 
should the constriction be very persistent 
and decided. This condition of the arteries 
is observed in the early stage of arterio- 
sclerosis — the stage which has been termed 
pre-sclerotic (s£e pp, 109-ro). (d) En- 
darteritis (from syphilis, lead^ gout, etc.), 
atheroma, and arterio- sclerosis. The 
calibre is not only reduced, but has lost 
ts postural variation, ^ 
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Ttie Radia.1 CaliUre is Supernor^ 
vnal.^ — This may indicate : (a) A normally 
large radial artery, when the arterial 
pressure and the postural variation of 
the calibre will he normal. (A) An ex- 
cessive arterial blood-pressure overcoming 
the arterial tonus (see p. 128). 

The Arterionteter is tJseful In 
sii^gestins Vaio- dilator or Vaso- 
coiitraetor liemedies and in mensiu*^ 
ing their EdTects* — 1 have frequently 
found the arteriometer of considerable 
service in indicating the line of treatment 
to be followed; suggesting the adoption 
of measures and remedies which either 
reduce a hypertensive or which raise a 
hypotensive state of the arterial walls. 
The conjoint use of it and the haemodyna- 
mometer or the manometer-bulb is a 
source of sustained interest in enabling 
one to follow the relation between the 
vaso-motor state of the arteries and the 
blood-pressure, and thus daily to ex- 
emplify in practice our physiological 
knowledge of that relation. 



APPENDIX 

THE H^MOCYTOMETER AND 
LYMPHOMETER 

I, The H^mocytometer 

Th€ Principle fo lia wed. — The 

method is based on the following facts ; 
(a) When a candle-flame is viewed through 
a glass tube containing water, a transverse 
line of bright illumination is seen, consisting 
of closely packedj minute images of the fiame 
produced by the longitudinal fibrillation of 
the glass. In the process of drawing out, 
the tube becomes minutely corrugated or 
fibrillated in the direction of its axis, The 
corrugations are extremely small, but they 
are easily observed when a tube is held 
before a flame and the structure of the glass 
is examined by a pocket lens, when the 
corrugations are seen to produce alternate 
bright and shaded lines disposed in the 
vertical direction. Each corrugation acts as 
a lenSj hence the horizontal hne made up 
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of a congeries of images of the flame. 
{t) When some fixing fluid (such as Hayem^s) 
ts added to blood, the mixture presents a 
certain degree of opacity according to the 
amount of blood or of the fixing fluid. 
{c) The opacity thus produced completely 
shuts out of view the illuminated line, 
until, on diluting further, a definite point is 
reached, when it can just be detected as a 
streak of light across the tube— the dawn, 
as it were, of the bright minute images of 
the flame seen when the opacity is absent 
or is further reduced. Repeated observation 
has shown that the development of this 
delicate horizontal line by dilution with the 
fixing floid is a very sensitive indicator of 
the percentage of the blood corpuscles. 

The apparatus consists of (i) a gradu- 
ated flattened tube 5(2) an automatic blood 
measurer; {3) a mixing pipette; (4) a candle ; 
and (5) a bottle of Hayem's solution* {see 
Fig. 9), 

The determination of the scale was made 
by the enumeration method extended to 




^ The formulK ii u foUctwa : Hydnrgyri perehloridum, 
Pframtne 0*51 lodii chiadd.j ^»iiiin« 10 j sod» suIph^Sj 
B'rmiDmea 50; aqua ditlillaU^ boo c.c. MfrSflra. Oppen- 
heimer & Soo, 179, Queen VicLorln^Streeti London^ E-C-, 
mpptj AMptiileB ofHiiSIVQi'fl •Qlutiau, 

16 
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1 20 squares applied to the blood of normal 
man. One hmidred degrees presents the 
generally accepted standard of 5,000,000 
corpuscles per mm. ; therefore So d^rees 
is equivalent to 4,000,000, etc. 

The white corpuscles in a state of health 
do not affect the readings. 

Tbe Mode of Observatioii.— The 
pipette, previously dried by passing through 
it a needle threaded with cotton, having been 
accurately filled and cleared from adherent 
blood by the finger, the rubber nozzle of the 
mixer filled with Hayem's solution is then 
applied over its bevelled end, and the blood 
is thoroughly washed into the flattened tube 
(Fig. 10). When the blood is not suspected 
to be particularly poor in haemoglobin and 
corpuscles, the amount of fixing fluid added 
in the first instance may raise the column to 
the 60 or 70 per cent, mark ; otherwise the 
first charge should be less. The contents of 
the tube are then uniformly mixed by in- 
verting the tube a few times with the thumb 
over its mouth, care being taken on removing 
the thumb to draw it over the lip of the tube 
so as to restore as much as possible the 
fluid adhering to it. This procedure should 
of course be repeated after every addition 
of the diluting fluid. The observation is 
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made in a dark room or in a darkened room 
free from cross-lights. The observer stands 
ten feet from the flame. In making the 




Fig. 10. — Washing the Blood into the H^emocyto- 
METER Tube with Hayem's Solution. 

observation it is important to shut out as 
much as possible the diffused light of the 
candle. The most satisfactory way to do 
this is to place the lower end of the tube, 
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with its long diameter in a line with the 
candle, in the concavity between thumb and 
forefinger, so as to make as it were a frame 
for it, and then to bring this part of the tube 
quite close to the eye (Fig. gd). The ob- 
server must look out sharply for the first 
appearance of the faint transverse line of 
light which dilution brings into view, and the 
earliest indications are obtained by turning 
the tube on its axis, when the line will first 
become visible at the sides of the tube. 

II. The Lymphometer. 

The hsemocytometer, adapted to the 
measurement of systemic tissue-lymph, con- 
sists of the following apparatus : 

(i) Set of lancet prickers. 

(2) Two measuring pipettes. 

(3) Two hsemocytometer tubes. 

(4) A set of stout rubber rings. 

(5) A fimbriated tube. 

(6) A nipple pipette. 

The method of observation ^ was described 
in a preliminary note " on the measurement 



* See the Oliver-Sharpey Lectttret, Th§ Lanctt, vol. i. 

X904. 
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<rf tissue fluid" read before the Royal Society, 
June II, 1903. It is based on an examina- 
tion of two samples of blood; one before, 
and the other after compression of the tissues 
of the finger by stout rubber rings. The first 
sample is believed to contain a certain ad- 
mixture of tissue fluid ; for the needle, in 
puncturing the capillaries, must penetrate 
the areolar tissue spaces which surround 
them, and perhaps also the lymphatic 
capillaries of origin under the epithelium,^ 
and so must liberate l3rmph, which mingles 
with the blood. On the other hand, it has 
been concluded that the second sample is 
freed firom that admixture, as, after removing 
the rings which squeeze the lymph away 
from the capillaries, the blood instantly 
returns to the vessels, whereas an appreciable 
interval elapses before fresh lymph is formed. 
A puncture is made on the dorsum of the 
finger near the root of the nail — this part 
being much more amenable to efficient com- 
pression than the pad of the finger— and the 
blood is measured off" by one of the automatic 
pipettes; after which the three rings are 



' "The Lymphatics," by G. Ddtmcre, P. Polrier, and 
B. Cim^o; translated by Cecil H. Leaf, M.A., M.B., 
F.R.C.S. Eng.), 1903, p. 3. 
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slowly rolled with pressure over the finger 
and are lodged beyond the phalangeal joint 
The metal tube is then passed over the finger 
up to the joint, and the rings are rolled on 
to it, and are thus removed without com- 
pressing the distal parts of the finger. Now 
the blanched finger suddenly reddens, when 
(the tissue fluid having been squeezed away 
by the rings) the blood may be extruded by 
pressure through the original puncture with- 
out fear of disturbing its quality. It is then 
measured off by the other pipette, and each 
sample is washed into its respective tube, and 
the percentages of corpuscles are read in 
the manner previously described (see p. 244). 
This method of enumeration enables the 
finest differences between the two samples 
to be discriminated. When tissue-lymph 
is present the percentage quantity is 
indicated by the higher reading of the 
tube containing the sample after com- 
pression; but when it is not present the 
tubes read alike. A nominal difference of 
two points may be regarded as practically 
indicating a minimum quantity of tissue 
fluid. 

Besides affording a measure of the tissue- 
fluid in the finger, I have found this method 
useful in giving a ready all-round estimate 
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of tbe Qondition of ^ blood, 1^ taking the 
meaa oi the two obsetvatkms, t^. — 

92 after compression, 

80 before „ « 86. 

These observations occupy but a few 
minutes ; and the practical advantages derived 
from them are considerable in at once setding 
the question of anaemia (in its broad sense),. 
spanaemia and chlorosis; and in detecting 
polycythsemic or apoplasmic ansemia in wbich 
the blood is concentrated and therefore 
reduced in volume {see ** Blood and Blood- 
pressure/' 1901, pp* 98-102),! 



' The Haemocytometer and Lymphometer are made by 
Mr. Lovibond, the Colour Laboratories, Salisbury. 
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